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ABSTRACT

This tbesis investigates the utility of figurative

symtclogy for tactical situation displays. The purpose was

to determine if rore descriptive syirbology--figurative

symbclogy or use lf more lifelike images to represent

targets--would enhance evaluation of a tactical situation

dislAay, i.e., enable tbe user to more rapidly assimilate

and evaluate a tactical situation display. Basis for
comparison was the Navy Tactical Display System (NTDS).

Specifically, experiments used in our research included

comparisons of monochromatic NTES, color NTDS, and color

figurative symbelcgies.

The analysis of the data obtained from the experiments

suggests color symbology is significantly better than

monochromatic symoolcgy and figurative is tetter than NT"lS

symboiogy. Specifically, color figurative(green/red) was

determined to be best, followed in order by, color

±igurative(blue/orange), color NIDS, then monochromatic

NTDS.
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I. INTRODUCTICN

A. BACKGROUNLD

The use of military symbols dates back at least to tbe

days cf Napolecn. Warfare has changed considerably since

that era and so have the methods by which the battlefield

environment is graphically portrayed. [Ref.1] The wars of

yesteryear were very localized. Battlefields were often of a

size that permitted a commander tc view the entire battle

area from a hilltop vantage point. Under these conditions, a

commander could track all of his activity with a table-top

situation display. The geographical area portrayed was

small, and the number of symbols required to indicate

activity was minimal. Rapid movement of units was a rare

event, so frequent updating of the display was not a

requirement. Now, with mechanized infantry, armor, missile

and rocket installations, supersonic aircraft, airmobile

units, multipurpose naval vessels, etc., the variety of

symbols required has greatly proliferated. [Ref.2]

B. HISTORICAL PERSPECTIVE

Military commanders throughout history have faced the

prcbiern cf controlling their fcrces for decisive application

of military power, with the objectives of achieving a

desired 1bysical action at a :particular location at a

determined time and cf getting information oacK abCUt the

L i.i.ii: .s5 :::a:..i.......o deiieaplcto



outcome. [Ref.J In the first documented times of early

warfare, battle cormanders sought a high hill or other

vantage point frcm which to view the tattle's progress. They

icvented various means of providing the communications with

which to ccmmard 'crces: mirrors, flags, harps, horns,

drums, ana even messengers." [Ref.4] Information feedback to

the commander was through direct ctservaticn and commands

could be issued or reissued in time to direct/redirect

forces. As the geogra hical scope of warfare and the

mobility of forces increased, the ability to instrument the

battle in such a way that a coherent picture of it could oe

transmitted to a remote commander, and the communications

necessary to transmit a timely picture, failed to keep

pace."[Ref.43 Land force commanders began to move flags

abovt on charts or sand tables, using bits and pieces of

intelligence information about enemy disposition and

cperational reports from friendly forces. Naval commanders

used similar methods, as did Air Defense commanders to try

tc watch and control their forces. The commander with the

most accurate and timely information and the best

ccmmunications to support information flow should be

successful in his pursuit. [Ref.4]

This process of generating, disseminating, and digesting

icformation became an important part of the formula for

stccess. With the growing appetite for information came

radar. "he air defense commander was no longer dependent

-- - - --I



upon ground observer or combat patrol reports for vital

information on enemy aircraft position or velocity. [Ref.4]

he could determine the location of friendly aircraft and

cculd now see the air battle coherently and control his

fcrces. Certainly radar was no panacea for force control

because radars were not easily relocated, they were strictly

line-cf-sight, and eventually tne enemy developed

capebilities to easily Jarr the radar. Attempts to first

exploit the radar resulted in manual control centers. One of

the first examples of a manual control center was that of

the Strategic Air Corrmaud (SAC). SAC's mission required the

rcst advanced cormana and control system possible. The

global nature of SAC's mission made it imperative to meet

and scive problems caused by distance, honcr the need for

ciaritj ana security of instruction, and keep track of

thcusands of minute details. Large display boards were used

to track all force activity. Current positions of all enemy

and friendly units were painstalcingly plotted. Large display

panels, mounted on trolleys, consisted of plastic covered

maps and were used by ccmmanders to direct the force. Battle

staff technicians plotted new information on these charts as

it tecame available. [Ref.]j Later a switch was made to

transparent illuminated jIastic display areas where reverse

plotting could te accomplished and would not ctstruct the

view of tte force airectors. This system of plotting display

boards Is still used today. This system served its purpose



well; however, it was slow and cumbersome. "Since it

represented the apogee of a manual system, automated

assistance was imperative. (Ref.5]

In the Late 1940's tnere was a "Black Box" approach to

ccmmand and control requirements. Equipment was developed

and proaucea for specific applications and little or no

ccnsideration was Piven to environment. Soon black ccxes

were being designed to interface with blacr boxes, but the

real treakthrouph came with the advent of the computer. Now

the radar systems could be fully exploited. The computer

could improve the coherence of the radar picture of the air

oattle by performing many of the processes which humans had

been doing imperfectly. Calculation of heading and speed,

calculation of intercept solutions, remembering the identity

of0 many moving targets--all of these processes and many

rrcre." The first example of computer application coupled

with radar (19t7) was toe Air Force's Semi-Automatic Ground

Environment (SAGE) system. This system was a network of

radars with communications for connecting and cross-

ccnnecting radars to regional control centers and the North

American Air Defense headquarters. [Ref.5]

At the teginning of the 1i60's, a committee examining

command and control concluded that the capabilities of our

weapon systems had outstripped our ability to command and

control them. Survivatle command centers and rapid,

redundant means cf communications were being required, with

- I2



SAC and the Air Defense Command leading the way." [Ref.6]

Adaitionally, other developments affected force management.

The size of a conflict area had clearly expanded beyond

line-of-sight and over-the-horizon. Weapons had greater

range and capability Sensor coverage and capabilities

overlapped and required coordination for effective use. The

coherence o' forces depended almost entirely on

ccmmunicatlons, data processing, and other electronics

related functions. Almost concurrently with this surge for

more command and control capability came the technoloeical

revclution. Rapid technological advances made a significant

impact on the development ana application of defense related

systems.

By the mid 1960s, we had learned several hard lessons.

C3 systems could not be acquired like weapon systems. They

had to evolve with continuing user participation." [Ref.6]

If we take a moment to stop and review C3 evolution, we

recognize that an integral part of good effective C3 is the

control of information. What a great information processor

the computer was to be. However, there still existed a

rrajcr stumbling blocl--defining information needs. Modern

com;uters and communications make it possible to retrieve

and/or -rocess an almost infinite amount of information.

But, too much information in the system causes great

congestion, and too much detail can confuse the decision

maxers ana waste time at a critical point. In spite of these



daLgers, the reduction or elimination of validated

infcrmation requirements continues to be exceptionally

difficult. [Ref.6] This process of information distillation

or informaticn ccmpression ocils down to what does the

commanaer really need? This simple question gives rise to

many areas tha t affect the multi-faceted spectrum of

military operations. It became obvious that we needed a

system for amalgamating all information inputs and providing

ccmmanders with an information display system than was

easily evaltated. One aspect of this infcrivation display

system - tactical situation displays - is addressed by this

thesis.

C. PURPOSE

During our C3 Exercise Laboratory (OS3750) class at the

Naval Postgraduate School, the authors of this paper

participated in a series of experiments which attempted to

measure whether or not information processing tasks could be

enhanced by presentation of information in color versus

mcnochromatic. These experiments confronted suojects with

static navel tactical situation displays. Results of these

experiments indicated an imprcvement in performance when

using color aisplays. As a result of our participation in

these experiments, several questions developed regarding

symbology for targets. We thought the target symbology used

was difficult to immeaiately recognize. Specifically, these

experiments were based on the Navy Tactical Display System

14



which uses symbology consisting of circular, square, and

rhcribic shapes tc depict targets. Also, we considered that

symbols could be tailored to provide more information. The

authors experience with military symbols indicated that the

daily or constant user of tactical situation displays is

able to adapt to the use of non-figurative or abstract

symtclcgy, e.g., NTDS symDois. Use cf these abstract

synbols has teen necessitated to date because of equipment

limitations. However, with the advance of technology,

particularly in the areas of computer driven raster scan

devices, it is now possible tc tailor symbology to provide

more information in a concise manner. With this

otservation, we postulated that assessment of a tactical

situation display may be further enhanced using color

figurative symtoLogy. This thesis focuses on Improved

information content for tactical displays.



II. DESCRIPTION Ok EXPERIMENTS

Experiments were conaucted to test the null hypothesis

that there is no difference between NTDS symbology and

figurative symbology. We speculated that descriptive

symbology would enhance evaluation of a tactical situation

aisplay, i.e., enable the user to rrore rapidly assimilate

and evaluate a tactical situation display. Additionally,

the experiments again addressed the issue of whether or not

color enhances a subject's ability to assimilate

Information. This issue was expanded to include an

assessment of green/red/white versus blue/orange/white to

indicate friendly/hcstile/unknown forces.

A. DEFINITIONS

In the context of this paper, references to NTDS

symbology are those symbols used in the NTDS system,

particularly as used in the Warfare Environment Simulation

(WES) game. Circular shapes represent friendly forces,

rhorr ic shapes represent hostile forces, and square shapes

rEpresent forces of unknown allegiance (Figure 1).

Monochrcratic NTDS displays refer tc displays wherein

the red and blue electron guns on the graphics display

device were aisabled. This resulted in a display with a

green background aLd white symooloey.



Color NTDS symbology refers to the color symbology used

in the WES game. The WES game uses blue to Indicate friendly

forces, orange to indicate hostile forces, and white to

indicate forces cf unknown allegiance. Use of color with

NTDS syrrbology results in reaundant coding of the symbols

allegiance.

Figurative" symbology refers to lifelike shapes--actual

shapes that look like ships, planes, and submarines used to

represent targets (Figure Z).

Color figurative (blue/orange) symbology refers to the

symbolcgy developed oy the authors. The colors (blue,

orange, and white) rratch those usea. in color NTDS and have

the same meaning.

Color figurative (green/red) symbology uses the same

symbols as develoled for color figurative (blue/orange) but

uses green to represent friendly forces and red to represent

hostile forces. White again represents unknown forces. Use

of green/red/white to represent friendly/hostile/unknown

forces was recomirended by the authors of GRAPHIC DISPLATS, A

EUMAN ZNGINEERING GUIDE fOR USING CRT COMMAND AND CONTROL

DISPLAYS. [Ref.7]

"Mcde" or "Treatment" refers to monochromatic NTDS,

color NTDS, or color figurative display techniques.

B. DESIGN

Two experiments were designed. Their objectives were:

1. To compare response reactions to monochromatic

17



NTDS displays, color NTDS displays, and color figurative

displays.

2. To compare subject's ability to recreate a

tactical dis;lay from frerory.

1. Experiment 1

This experiment was iesigned tc test and compare

reaction tiffes to monochromatic NTDS displays, color NTDS

displays, color figurative (olue/orange) displays, and color

figurative (green/red) displays.

In this experiment, four sets of five tactical

situation displays were used (Appendix D). Specifically,

these displays were composed of land masses, sea, geographic

coordinates, and targets oriented around the aircraft

carrier Enterprise(ENTER en displays). Each of the five

displays had a different composition of targets and varied

it complexity frcm display I (V symbols) to display 5 (2?

syp!bols). The five displays in each mode were shown in

random order. The monochromatic NT1S displays were exact

duplicates of the color NTDS displays except that the red

and blue electrcn guns were disabled. The color figurative

displays were mimicks of the NTDS displays, i.e., displays

were replicated in all particulars except that figurative

syrrbology was presented instead of NTDS symbology. To

present the displays and query the subjects, a software

routine that had been ieveloped by LCDR Ellen Roland for the

OS 3750 class experiment was adapted for this experiment.

* -°



The mechanics of the experiment had each subject

view four modes of tactical situation displays:

Tonochromatic NTDS, color figurative(blue/orange), color

NTDS, and color figurative(green/rea). The test was

administered tc four grcups; each grcuy contained six

subjects (A~penaix A). Order of mode presentation was

determined by the subject's group (Appendix B). Each mode

contained five tactical situation displays as previously

described. Within each mcde, order of presentation of

aisplays was randomized to Insure the subject received the

displays in varying order of complexity for each treatment.

±ach display was accompanied by six questions (Appendix C).

The questions ajpeared at a terminal that provided immediate

feedbacK. This terminal was separate from the device used

to present the tactical situation displays (Figure 3).

Questions required that subjects evaluate the display

regarding symbol type (aircraft, ship, or submarine) symbol

allegiance (friendly, hostile, or unknown) or both (type and

allegiance). Questions were repeated until the subject

responded correctly. Total time until correct response was

recorded for each question. The measure of effectiveness

used fcr evaluation cf the displays was total time to

ccrrect response for each question.

2. Experiment 2

The second test involved presentation of either a

monocbromatic NTDS disjlay or a color figurative (green/red)



display fcr 5e seccnds. Subjects were then asked tc attempt

to reproduce the tactical display from merory. The display

was an exact replicaticn of display ntrrber two used In

experiment 1. The display had Eighteen targets with the

Enterprise in the center as a reference.

Procedurely, each subject was shown the display and

then provided a rrap (Figure 4) that had target locations

marked. Individuals were asked to identify target type and

allegiance. Scoring was accorplished by awarding one point

for correct identification of target type and one pcint for

correct allegiance. MxiVui total Points was thirty-six.

The test was administered to two groups, each with

twelve subjects (Appendix A). The subjects were the same as

those that participated in experiment 1. The groups were

randomly structured with no specific criteria of tactical

display experience.

C. SUBJECTS

Twenty-four students of the Naval Postgraduate School

vclunteered as subjects for the experiments. All twenty-four

were military officers, 10 from the Air Force, 2 from the

Marine Ccrps, 7 from the Navy, and 5 from the Army. Three

of these subjects had extensive Irevious experience with

military display systerrs; seven had moderate and fourteen

had little or no previous experience. Five had previous

NTDS experience. All sutjects were part of the Command,

Control, ana Communications curriculum.
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Subjects were divided into four groups cf six each. This

grouping determined the order of presentation of modes.

Subjects were placed into groups according to levels of"

tactical situation display experience. 'Each group had a

relatively equal mix of experience levels to minimize

biasing due to previous experience. The order of mode

presentaticn (Appendix B) was changed for each group to

rrinimize confounding due to learnin effects.

D. APPARATUS

Each of the subjects w-as tested using a CONRAC video

display (Figure 3) for projecting the tactical display.

Adjacent to the videc screen, subjects were seated in front

of an Ann Arbor terrinal (video and keyboard). This

equipment is located in the Command, Control and

Communications (C3) Laboratory at the Naval Postgraduate

Schcol.

E. PROCEDURES

At the start of each trial, sucjects were briefed on the

purpose and extent of the experiments. Each was acquainted

with both NTDS and figurative symbology. Also, the details

of question type, display idiosyncrasies, and potential

stumbling blocks were explained. Questions addressing the

tactical situation displays were presented on the Ann Arbor

terrinal. Subjects responded to questions by depressing tne

correct number Key fcllcwed by a carriage return. If an

I2



incorrect response was made, the question would be repeated

until It was answered correctly. When correct, the next

question would be displayed. This cycle continued through

each display and subsequent mode.

Environmentally, subjects were tested in a darkened area

with stfficlent lighting to easily read and recognize all

isplays. Levels of illumination to include brightness,

contrast, and color were adjusted on the graphics terminal

in order to standardize each trial as nearly as possible.

F. ASSUMPTICNS

Due to resolution limitations of the Genisco graphics

device, the size of the figurative symbols did not precisely

match the size of the NTDS symbols. However, the slightly

larger size of the figurative syr.bols contributed to a more

cluttered display that with the NTLS symbols. These were

assumed to be counter-balancing factors.

Also because of equipment resoluticn limitations, no

attempt was made to develop figurative symbology in a

mcnochromatic mode. We assumed that our experimental

results would again show that color displays were superior

to monochromatic thereby ;ermitting corparison of color

figurative versus color NTDS.

The measure of effectiveness (moe) for exreriment 1,

i.e., subject response time, may not be the ideal method for

evaluating tactical situation display presentation

techniques. However, response times are measurable

4'
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quantities thlat can be s'latisticalij evaluated. Considering

that time to analyze a tactical situation, i.e., locate the

enetry, Is an iirrtoitant rrilitarl consideration, use of'

response times as_*n moe was assumeqi to be appropriate.

IL9



NAVY TACTICAL DISPLAY SYSTEM! (NTDS) SYMbOLS

FRIENDLY AIR

FRIENDLY SURFACE 0

FRIENDLY SUBSURxACE

ENEMY AIR A

ENEMY SURFACE

ENEMY SUBSURiACE V

UNKNOWN AIR

UNKNOWN SURFACE

UNKNOWN SUBSURxACE

.--------------------------------------------------------------------------------------- 4

FIGURE 1. NTDS Symbols



1IGURATIVE SYMBOLS

FRIENDLY AIR
(Blue/Green)

FRIENDLY SURFACE
(Blue/Green)

FRIENDLY SUBSURtACE
(Blue/Green)

ENEMY AIR
(Orange/Red) V

ENEMY SURFACE
(Orange/Red)

ENEMY SUBSURiACE
(Orange/Red)

UNKNOWN AIR
(White)

UNKNeWN SURFACE) (White)

UNNOWNe) SUBSURFACE

.----------------------------------------------------------- ----------------.

FIGURI 2. Figurative Syrbols
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ANN ARBCR TERMINAL CCNRAC

F i zu r e Equipment



+ +

+ +

,4.+

ENTER
+

+ +

+

+ 4-
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I1e OE 1 E 170E 175E

igure 4. Experiment 2 Map



III. EVALUATION

A. DATA COLLECTION AND REDUCTICN

kor experiment 1, the suojects' total response times for

each question were jrocessed by a cor;uter program and

written into data files. This data was ther consolidated

into a more reaaable format. Appsndlx E contains response

tires brcKen dcwn by treatment, question, and suoject. In

sore cases, subjects had aifficulty urderstanding the

question. This resulted in an unusually high response time.

Tc minimize this sxewing effect, those tires were discarded

in the following manner: the group mean for the other five

subjects was calculated and inserted in place of the higher

tire. In A;rendix E these substitutions are shown in

parentheses next to the original respcnse time.

Next, the data were further aggregated into the three

categcries of questions (type, allegiance, o- both) by

adding the response tires for questions of the same category

kFigure 5) and then dividing by the number of questions that

were aded. This resulted in a mean response time per

question and category. These data are shown in Appendix F,

Table V in conjunction with means and variances computed by

Rroup, question, display and treatment. Questions are shown

in Appendix C.



DISPLAY QUESTION CATEGORIES

. TYPE ALLiGIANCE BOTH

12, 1 2,34,

2 i,± 2. ,. 6

I 3 t 2,J0.46 1
I

4 5 1,3,5 2,4

,' = 1,6 2, ,

+---------------------------------------------------------------------------------------

Figure t. Question Categories

lor experiment 2, each subject's map was scored by

awarding one point for correct identification of symbol type

and one pcint fcr correct allegiance. Maximum sccre was

eighteen in each category for a total of thirty-six points.

Appendix G shows the scores.

B. CALCULATIONS OF MEANS AND VARIANCES

Appendix F ccntains the means and variances of the

subjects " response times. Table V shows means and variances

by group, question, display and treatment. Table VI

ccntains the means and variances by question, display and

treatment. Table VII shows the overall means and variances

by question and treatment. finally, Table VIII contains the

.zrand means and variances by treatment. Means ani variances



were calculated by using the fortran computer program listed

in Appendix H.

C. ANALYSIS OF EXPERI ENT 1

The analysis of data was done in two parts. First,

simple mean and variance statistics were calculated and

examined. Then, analysis of variance (ANCVA) [Ref. 6] was

used to test for significance of the individual factors and

tc estimate the effects of the different levels of the

factors.

1. Comparison Of Mean Response Times

Comparison of mean response times cannot be

ccnsidered statistically conclusive because of the large

variances involved. However, ccmparison of means can give

one insight into how subjects" performances were affected by

display treatments. Fcr example, consider Table V,

M'onocbromatic NTrS Display # 1. Subjects 1-6 (group A) were

shown this display treatment first, while subjects 7-12

(group B) saw it last, subjects 13-18 (group C) saw it

third, and it was the seccnd display treatment for subjects

is-24 (grou; D). The improvement of group mean times for

questions referring to symbol type, group A-16.33 seconds,

group D-12.67 seconds, group C-1 .00 seconds, and group B-

11.5e seconds, would seem to indicate the presence of

learning effects. Liirewise, consider Table V, Color NTDS

Display # 1. Crder cf lresentaticn was group C (first),



group P (second), group A (third), and group D (fourth).

I' ean tirres for allegiance were C-6.83 seconds, B-6.67

SEccnds, A-t.7b seconds, and -4.t0 seconds. Again, the

presence cr learning eifects is Indicated. Examination of

the means ty groups and display for the saFe treatment

indicate learning effects for the rajority of the displays

and questicns.

If improvement in response time is due solely to

learning effects, than one would ex ect to see an

improvement in the same group's rrean times dependent only on

order of treatment. Consider group A's performance on

display number two. Group A first saw display two in

ronocbrorratic NTDS, followed by color figurative

(blue/orenge), color NTDS, end finally color figurative

(green/red). Group mean times for type were 2e.33 seconds,

le.17 seconds, 13.21 seconds, and 10.17 seconds. Likewise,

consider group C on display number four. Order of

treatments was cclor NTDS, color figurative (green/red),

ronocbromatic NTDS, and color figurative (blue/orange).

Mean times fcr type were 17.17 seccnds, 11.-67 seconds, 12.67

seconds, and 10.5e seconds. In the majority of displays no

clear trend of Improvement is evidenced. This suggests that

irproverent in response times is not based simply on

learning effects.

Since for each display and treatment, each group saw

the alsplay at a alfferent point in their trials, the means
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by question , display and treatment should tend to smooth

learnine effects of the groups. Table VI contains the

overall means by question, display and treatment. For

display one, ronocnroffatic NTDS had the slowest mean

response times in all three question categories. Also for

display one, color figurative (green/rea) had the best times

for questions re'erring to symbol type and both, and color

NTDS had the thira best rean times for type and both. Mean

respcnse times fcr questions referring tc allegiance were

essentially the same for the three color treatrents for all

displays. Further examination shcws that monochromatic NTDS

bad the slowest wean response time in every case except one.

Cclcr figurative (green/red) had the best tire for questions

referring to syibol type in every case except for one.

Next, the overall means by question and treatment,

shown in Table VII, were considered. Now a clearer picture

tegins to emerge. Color figurative (green/red) is best in

every category of question. For questions referring to

symbol type, It is 1.49 seccnds better than color figurative

(blue/orange), 4.25 seconds better than color NTDS, and 6.33

seconds better than monochromatic NTDS. For questions

referring to allegiance, it is 0.18 seconds better than

colcr figurative (blue/orange), 0.61 seconds better than

color NTDS, and 6.07 seconds better than monochromatic NTDS.

Fer questions referrine to toth, color figurative

(green/red) is 0.68- seconas better then color figurative

t-



(blue/orange), 0.89 seconds oetter than color NTDS, and 3.27

seconds oetter than monochromatic NIDS. For all categories,

color figurative (green/red) is best, followed in order by

cclcr figurative (tlue/crange), cclcr NTDS, and

ruonocbromatic NTBS.

Finally, the grand mean for all groups, questions

and aisplays by treatrent were calculated. As shown in

Table VIII the crder of best response times was the same as

shown in the preceding paragraph. While these mean response

tires have been Lsed to gain insight into the subjects'

performances, they cannct be considered statistically

conclusive because of the variances involved. Also, effects

such as learning, display difficulty, and previous

experience are not considered. Therefore, a statistically

rigorous procedure, analysis of variance, was performed to

allow these other potentially lmortant effects to be

ccnsidered.

2. Analysis of Variance

a. Hypothesis

We hypothesized that figurative Symbology would

irprove operator target recognition times. The experiment

null hypothesls was:

Ho: M1 = M2 = M3 = M4

where M is the mean question response time and 1-& represent

roaes mocochromatic NTDS, color figurative (blue/orange),

cclrr NT"S, and color figurative (green/red), respectively.

_______________- -Y-



The alternate hypothesis is mpilied--the rean response tiires

fcr zhe respective modes are different.

In aaditicn to testing our basic hypothesis, we

elt it was ir;ortant to test for signiflicance of

Iroae/aispiay type interactions and mode/question type

interactions.

b. M!odeI

Analysis of variance considered the rrodei:

Y S, d,q =M+bXlbX2+As+Bd+Cq+Isd+Isq+ldq +Rsdq

where Y(s,d,q) would re resent the response to the qtt

Question, dth display, and sth mode. M is the mean response

tire; bX1 and bX2 represent the two covariabies learning and

experience; As is tne ,ain e :ect due to mode; Bd is the

rain effect due to display alificLity; Cq is the main effect

due to question format; Isd, Isq, and Idq represent

interactions froF the (ain effects; and Rsdq is the residual

term. The ccvariaoles apd the factcrs, display and

question, were includea in the model because of our belief

that each would affect the response time. Their inclusion

ir the rodel allows for a reauction of the error variance

raKing tests of the hypothesis ef interest rcre valid.

In performing the analysis of variance we

ccmpiied the data from the twentj four subjects and loaded

the aata into a file on the Naval Postgraduate School IBM

3 ccmputer. The data were loaded into a matrix (1440x6)
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with information including specific response times to

questions, rode type (4 levels), display difficulty (5

levels), question format (3 levels), learning covariale,

ana the experience covariable. The APL prcgrar, ANOVA, was

used to calculate the sums of squares, mean squares, degrees

of freedom, and the i statistics. The API program allowed

us to first construct the full model as illustrated

previously and then reduce this model. With each successive

reduction, we were atle tc eliminate a portion cf the full

model, test an hypothesis, and determine how much effect

each individual factor contributed to the overall model,

..e., how much variability could be attributed to individual

pieces.

This model was analyzed to describe all possible

elements of varianility. The following ANCVA table (Figure

6! dissects the model, illustrating the contributions of

individual factors.

The significance levels of the factors in this

model maKe it possible to reject tne null hypothesis:

Ho: Ml = M2 = M3 = M4

Having established that the main effects of the

model are significant, we can continue to examine the model

tc explain which mode presentation was best, which display

was easiest, and draw some conclusions about question

categories.



ANCVA

!SOURCE DF S5 S F

MODE: As 3 541.55 214.E5 106.92

DISPLAY: Ba 4 6112.66 1526.22 76.33

QUESTIONS: Ca 2 bZb2.b2 2626.46 131.19

INTERACTIONS

Isd 12 141.07 66.76 4.33
Isq 6 12; 0.20 2e3.37 10'.1'6
Idq 8 3116.75 309.60 19.46

COVARIABLES

tXl 1 268 .9 k68.93 13.43
tX2 1 3274.20 3274.20 163.53

RESIDUAL

Rsdq 1402 2E070.20 20.02

TOTAL 1439 E4786.28

---------------------------------------------------

Figure 6. AtOVA Results
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Farareter estirates ( igure 7) were supplied as

a ty-prrduct c± the APL program used. Coefficients for each

7oe, each dislay, and eacn question are noted. The

ccefficients in each cf these groups have been normalized.

Specificaiy, the last element in each of the groups is

zerc. All cther elements c± the respective groups are then

compared to this zero value. To evaluate these parameters,

each was compared to tne normalized value.

Analysis of these parameters indicated that

color syboiogy aid significantly cetter than monocnromatic.

Specifically, the green/rea figurative symbology performed

best. On the average, questions involving ronocbromatic

dIsplays toolr t. seccnds longer to answer than did those

using figurative green/red symbols. (As Indicated earlier,

questions used for each rode presentation were the same.)

Additionally, questions of color NTDS displays took almost 2

seconds longer and questions of figurative blue/orange took

.78 of a second longer. As a suimary ccmrren t, the

figurative symbclogy yielded significantly better results

than did monochromatic NTDS, but was only a moderately

better performer when color was added. However, it did

out-perform the NTDS syrboLogy.

In reviewing the difficulty of displays, the

review of tne parameter estimates inaicates that the easiest

display to respond tc was display one (nine targets). The

rrcst difficult aisplay was display three (twenty-one

g3 7



targets). This result seemed somewhat Inconsistent because

lisplay three did not have the most targets. However, this

display did have highly clustered symbcls, with some

overlapping, which made individual target discrimination

more difficult. The oter displays ranked in order of

di:ficulty accordinp tc number of targets.

As an added observation, the parameters for each

of the cc-variabties (Figure 7) is consistent with expected

results. Coefficients are negative, which inaicates that an

individual with more tactical display experience will answer

questions more quickly. Also, as individuals were

progressively exposed to each of the modes, learning

occurred and responses were quicicer.

+-------------------------------------------+

PARAMETER ESTIMATES

Monochromatic 5.5149
Color Figurative (B/O) 0.7767
Colcr NTDS 1.9104
Color Figurative (G/R) 0.0

Display 1 -3.1611
Display 2 -1.3862
Display 3 2.9232
risplay 4 0.9407
Display 5 0.0

Experience -0.61eO
Learning -1.349

--------------------------------------------------

Figure 7. Parameter Estimates
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c. Summary Of Analysis Of Variance

Two specific observations can be made about

Experient 1. Yirst, aadi tion of color to sjirbo1s

significantly imprcved response times to questions about the

situation display. Second, figurative symbology performed

better than NTDS syroeicgy. Althcugh the proportionate

increase is not as great, both sets of color figurative

symoclogy perfcrmed better than NTDS. The best performer was

the color figurative (green/red) mode.

D. ANALYSIS Oi EXPERIMENT 2

1. Comparison of Mean Response Times

The response scores are shcwn in Appendix G. Means

and variances (for n-i degrees of freedom) were computed.

Mean response scores for questions referring to type were:

inmonocbromatic - 13.9Y and color figurative (green/red) -

14.17. Mean scores for allegiance questions were:

monochromatic - 13.42 and figurative - 13.08. Mean total

scores were: monochromatic - 27.3- and figurative - 27.25.

Examination of the mean scores indicates no difference in

performance between the two treatments. To confirm this

observation, an anelysis of variance was performed.

2. Analysis Of Variance

a. HypotlEsis

In this experiment we again hypothesized that

figurative symbology would do better than NTDS symbology.



The experiment hypcthesis was:

Ho: M1 = M2

where M is the mean resronse score for sutject's ability to

reproaduce targets from a timed display and 1-2 represent

modes monochromatic and color figurative (green/red).

b. Analysis Of Variance

In atoing the analysis on this experiment, we

ccnsilerea the rrcdel:

Y(d,q) = M + bXl + Ad + Bq + Idq + Rdq

where Y(d,q, uculd represent the score of subject; bX1 is a

coveriable representing experience; Ad is a main effect due

tc mode, monochromatic or coicr figurative green/red; Bq is

a main effect due to question type, either a type target

qi:estlcn cr an allegiance question; and Rsd is the residual

t e rtr.

Analysis was accomplished with an APT program.

The data were loaded into a matrix (4b x 4) with information

including specific scores of individuals, mode, question

category (type or allegiance), and an experience covariable.

With the APL prcgram, we were able to structure an ANOVA

model and then, through successive reductions of the model,

we were able to determine contributions of individual

effects to the total variability within the model.
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ANOVA

SOURCE DF SS Y

MONO/COLOR 1 1.E0 .22
QUESTION 1 7.V4 1.el
M/C x .18.03
COV 1 1 11.Z4 1.63
RESIDUAL 43 29Y.07
TOTAL 47 32Y.61

--------------------------------------------------------------------------------

Figure 8. ANOVA Results

Figure 8 contains the ANCVA table which

indicates that none of tne effects within this model were

significant. The null hypothesis cannot be rejected.
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IV. DISCUSSIGN AND CONCLUSIONS

A. CONCLUSICNS

This researcn effort was directed at determining the

utility of figurative symoology for use in tactical

situation displays. Results of exrerirent one confirmed

the aavantage of using cclcr versus monochromatic displays.

Adaitionally, the advantage of using figurative versus NTDS

symbols was demonstrated by experiment one. Whereas

experirrent one aadressed tasks involving speed of target

reccgnitien, we ccnclude that bse of color figurative

symbologies in military tactical situation displays merits

further investigation.

Experiment two addressed utility of color versus

monocbromatic displays in tasks involving memory of target

Location. Results of experiment two do not support use of

color figurative displays in situations that require

tremorizatioa of alsplays. This result is attributed to the

redundant coding of the NTDS symbology. Subjects had to

irerrorize only syirbol shape in order to rerreirber both symbol

type and allegiance when viewing the monochromatic NTDS

display. 'he color figurative syrbolegy required

memorizaticn of bcth symbol shape and colcr In order tc

rerember type and allegiance. One may postulate that the

ccicr figurative sutjects were actually processing more



information, i.e., processing more mental bits than those

that viewed the monochromatic dis lays. If true, one could

then conclude that the color figurative test subjects had to

outperform the rroaocnromatic test subjects in order to

achieve the same mean scores. urther investigation of this

,ossibility is left for future study.

B. DISCUSSION O FUTURE SYSTEMS

Nowhere is the need for accurate, up to the minute and

easily comprehesible Infcrmation more necessary tnen in a

conflict situation. The ability to sort out and interpret

inforration quickly is o± the utrrost importance. Because of

the military's large data bases, the amount of information

available to commanders is immense. The use of computer

?raphics to display data allows the commander to get maximum

information. The high information content in a graphic

display will enable the operatcr to assimilate mere data

with far less fatigue. Also, the ability to update the data

Instantaneously on the screen gives the corrander the most

current information available to aid in his decision-making

process. [Ref. 9]

As noted previously, Symbology used in tactical

situation displays has been imrited by technology. However,

the technology now exists to develop computer graphic

display sjmbologj that can be tailored to meet specific user

needs. Why nct fully explcit this capability? Althcugh not

illustrated speci'Icaily in tbis thesis, potential does

I V i i.. . .. ...,... .. ...



exist now fcr develcping even more descriptive symbology

than was developel by the authors. Just visit your local

Rame arcade and take a close looK at the electronic games.

The level of syirbol aetail available in these devices is

ahead of most current mlitary display systeirs. To continue

to provide comianders with efficient display systems, the

rrilitary Ir1sz take advantage of these advances in

technology.
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APPENDIX A

SUBJECT GROUPINGS

II

;U EXPERIMENT 1 GROUPS
B

4J--------i

# A B C D

----- 7 -------------------------------------------------------

1:LINn 71FRENCH I13IBENT 1191w. LENAHAN
LISIMCN Q D. LENAHAN 1141WREN !20!MCLENDON-KOENIG
13,HOPPHR i VANHCY 1151GRAHAM 211REESE
1,4LWELT 11IALLEN 161ALLGOOD 1221FOTEERINGHAM
!t;JOHNSCN 11 EISENTRCUT 17MCDANIEL 123:MOTZ
IISCHAEFER 121SMART 181ESTON 241RUESS
-------------------------------------------------

---------------------------------------------------

EXPERIMENT 2 GROUPS

7 -----------------------------------------------

MONOCHROVATIC NTDS MAP H COLOR FIGURATIVE(G/R) MAP

----------------------------------- -------------------------------

II

!LIND :ALLGOOD !!WESTON ALLEN
:FRENCB 1FOTHERINGHAM ;D. LENAHAN !GRAHAM
1BENT 1EISENTROUT IW. LENAHAN MCLENDON-KOINIGi
:SIMCN MCDANIEL I IMOTZ !SCBAEFER
:HOPPER ;REESE 11VANHOY !JOHNSON
'WELT iRUESS i REN ISMART
------- -------------------------- ------------
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APPENDIX B

ORDER OF.TREATMENTS BY GROUP

GROUP A

First run - Monochromatic NTDS
Second run - Cclor Figurazive(blue/crange)
Third run - Color NTDS
Fourth rin - Colo.r Figurative(green/red)

GROUP B

First run - Color Figurative(blue/orange)
Second run - Color NTDS
Third run - Color Figurativekgreen/red)
Fourth run - Monochrorrazic NTDS

GROUP C

First run - Color NTDS
Second run - Color Figurative(green/red)
Third run - Monochromatic NTrS
Fourth run - Color Figurative(biue/orange)

GRCUP D

First run - Color Figurative(green/red)
Second run - Monochromatic NTDS
Third run - Color FIgurative(blue/orange)
Fourth run - Color NTDS
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APPENDIX C

EXPERIMENT 1 QUISTIONS

DISPLAY 1
*uesticn 1: Hcw many air units are displayed?
Question 2: How rrany friendly units are displayed?
Question 3: Hcw man enery sucrarines are disrlayed?
Question 4: How many units are west cf the Enterprise?
Cuestion 5: How many enemy air units are displayed?
Questicn 6: Which quadrant has the largest concentration of

enemy units?

DISPLAY 2
Question 1: How many air units are displayed?
Question 2: How many friendly units are displayed?
Question 3: How rany enemy units are in the quadrant with

the greatest concentration of enemy units?
Question 4: iow many submarines are displayed?
Question 5: How many units are northeast of the Enterprise

excluding friendly units?
Question 6: How many unknown air units are displayed?

DISPLAY 3
Question 1: How many enemy surface units are displayed?
Question 2: How many friendly units are displayed?
Question 3: How many friendly units are in the quadrant

containing the Largest number cf friendly units?
Question 4: How many unknown units are displayed?
Question 5: How many air units are displayed?
Question 6: How many units are northeast of the Enterprise

excluding friendly units?

DISPLAY 4
Question 1: How many enemy units are displayed?
Question 2: How many friendly air units are displayed?
Question 3: How many enemy units are in the quadrant with the

greatest concentration of enemy units?
Question 4: How many unknown surface units are displayed?
Question 5: How many subsurface units are displayed?
Question 6: Hcw many friendly units are displayed?

DISPLAY 5
Question 1: How many surface units are displayed?
Question Z: How many friendly air units are north of the

Enterprise?
Question 3: Hcw many ucknown units are displayed?
Question 4: How many friendly surface units are displayed?
Question 5: How many enemy surface units are in the NW quadrant?
Question 6: How many submarines are displayed?
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APPENDIX I

EXPERIM1 ENT 1 RESPONSE TIMES

TABLE I-a

!ONOChROP'ATIC NTDS RESPONSE TINES

DISPLAY 1

question 1 i 2 ,' 4 5 6
-------- --------------------------------------------- I

Subjlect

i 7 ? 7 5 I
2 3 16 8 17 E 11
3 21 9 114 a a 20
4 16C 7 7 7 12 11
5 15 11 7 11 9 20
6 a 1 22 7 10

7 7 1 z 8 5 7
I 17 1I 4 4 6

9 18 7 5 4 5

10 8 6 6 5 6 C
11 ? 6 . 5 5 6-
12 12 1? 131 18 8 10

1z 16 7 7 9 8 0
5 15 13 8 5 16 2
15 8 6 5 5 6 616 12 6 12 6 10 6
17 11 6 7 4 6

19 £. £7 62 5 7 7 7

2-1 b 6 7

21 7 5 5 15

13 12 16 ii 9 17 22
2 16 7 72 61

I- - -- ---- I I ... .. ..- - - - - - - - - --



TABLE I-b

MCNOCHRCVATIC N DS RISPCNSE TINES

DISPLAY 2

questionI 1 2 ' 1 , 5

subJect

1 12 12 1' 8 10 6
2 2E 12 21 34 9 9

27? 25 1 & 13 S
4 19 32 29 27 19 1

33 9 17 17 21 7
6 13 17 24 83(18) 13 13

7 1311 15 7
8 9 10 18 7 8 6
9 17 23 14 12 7 9
1 14 9 7 15 9 6
11 17 14 e 8 6 5
S12 15 17 13 11 7 1 i

13 13 13 17 23 10 5
14 15 14 10 10 7 7
15 11 14 11 10 a 5
16 10 19 7 9 10 5
17 11 110 E 9 t 5
18 32 26 18 i 1 5

19 9 15 24 9 8
2z f1 13 15 ii E ?
21 25 15 i 10 10 6
2Z -32 22 le ie 9 5
2 3 1"1 i~( 1) 3z 22 23 12 1 -
24 17 16 22 23 27 15

.--------------------------------------------------------------------------------------------
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TABLE I-c

MONCCHRCVATIC NTDS RESPCNSE TIMES

DISPLAY
l I !

question 12 3 4 6

su .ect

1 24 241 19 10 47 2e
2 24 96(21) 22 19 39 54
3 20 27 123(29) 12 9 15
4 12 17 33 10 19 22
5 22 19 E4 z2 24 45
6 16 19 16 11 17 17

7 17 12 Z4 4 25 15
E 14 10 33 6 10 9
9 11 32 1e 12 22 11
10 16 17 34 9 17 17
11 13 12 10 15:14
12 11 11 21 10 50 2

13 17 14 20 7 2, 14
14 13 16 3e 819 1 10
15 11 12 13 1 1 17
1 E 11 21 41 9 11 14
17 9 13 15 7 37 10

z2 z 57 : z 6 ly

20 114 i 6 19 2021 15 16 211 17 2e

21 Z i 57 (ZZn 1 6 x IE ? 4 02
23 16 F-0 (z:) 7 111 0 2
24 15 32 27 65(9) 27 45

--------------------------------------------------



TABLE I-d

ICNOCHRCMATIC NTDS hESPONSE TIl'ES

DISPLAY 4

question 1 1 2 3 5 6

subject

1 33 11 d2 7 1ii 21
2 18 12 18 7 17 16

21 Z3 145(32)1 5 11 23
E 9l 11 1 32 60

5 27 21 10 3z 49
6 72(2'i: 10 t2 12 1E 27

7 14 E 11 6 9 68(151
b 10 10 14 6 8 10
9 25 16 17 l 14 78(15)1
10 13 11 z 5 11 12
11 i15 11 1 8 10 15
12 14 12 17 10 13 23

13 22 1 36 7 13 34
14 141 12 1i 7 10 64(19)
15 Z3 16 le 6 12 22
6I 3e 10 15 6 15 14

17 12 17 22 6 1i0 12
18 1 14 1 9 15 1 7 16 e1

19 11 10 a 6 9 32
20 20 13 14 13X 20 17
-l 22 8 14 4 9 10
?.2 14 11 F-7(16)1 9 11 Z9

I 52 33 2 9 163(15)1 31

k.4 20 34 zt 16 24 6-'(24)1

--------------------------------------------------------------



TABLE I-e

rIONCCHROMATIC NIDS RISFCNSE TIrES

9 ISPLAY t

questiont 1 4 . ie

sUbject

1 13 1 9 14 12 11
z 22 1 12 !0 34 12

12 Z2 1 9 7 24
4 18 49(l) 13 1Z 12 99(I)i

1b 2b 1 14 10 16 28l~
E 4(17': i 2Z 9 25 14

7 29 9 I 8
8 8 8 9 5 7 8

17 13 11 28 7 12
10 9 9 11 7 7 10
11 10 ? 9 6 1
12 14 13 10 10 11 13

4

13 17 18 12 ie I
14 13 28 8 7 9 17
15 14 1Z 7 16 7 10
16 10 18 II 13 2v 2E
17 12 11 9 6 6 9
18 15 10 6 13 9 19

19 44 22 9 6 9 10
20 14 11 13 7 22 14III I l
21 11 9 4 t I1

2 13 11 8 12 9 20
23 34 I 1I 19
24 1 13 1 27 46 1-1 14 : 24

4.-------------------------------------------------------------------------------------------
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TABLE I1-a

COLOR FIGURATIVE (BLUL/ORANGE) RESPCNSE TIhES

DISPLAY 1

qu~estion i34e

subject

17 t t 4 6

3 6 i 1: C- le 5 5
4 7 t ? 6 7
S14
6 8 6 7 F

7 13 7 C a 3
a 15 7 10 10 5 7

N 3 10 7 1 7
6e 12 8 2 15 8 40

ii b 4 10 5 5
i 10 7 a 9 10 10

I

1 7 5 7 4 6
8 5 5 5 6 5 2

I 7 b 3 3 3
16 4 4 5 5 3
17 06 7 4 5 3

18 6 b 4

i 6 b 6 4 3iO 4 1 1 5 3
21 4 4 4 le 4 3
22 1 7 4 Y 1 1
23 7 6 I 6

. . .i I I I I II , _ .. .

14 9 15 t 6 5 4

7--- - -- - -- - -- - -- - -- - -- - -3--- - -- - -- - -3 -



TABLE II-b

COLOR IGURATIVE (BLUE/ORANGE) RESPOMSE TIMES

+--------------------------------------------------------------------------------------------

DISPLAY 2
question 1 i 2 - 1 5 6

----------------------------------------
subject

13 8 10 9 6 8 4

6 7 7 4 5 4

5 23 16 ;e 11 5

7 14 36 8 21
a 11 16 6 11 4
9 71 12 7 6
10 10 E 6 e
11 9 11 F- 9 7 4:
12 IZ 13 -12 9 16 6

14 7 e 4 7 5 4

15 5 7 4 6 5 4
16 7 7 t 5 6 3
17 7 7 6 7 4
is 7 9 4 6 5

19 F. 9 6 10 5 4
20 5 6 55 5 4
21 6 6 2 5 5 3
22 6 7 7 8 6 6

3 I £ , I I I I 7

2 10 11 12 le

+----------------------------------------------------------------------------------------



TABLE 1I-c

CCLCR FIGURATIVE (BLUE/ORANGI) RESHCNSE TIFS

--- -

DISPLAY

--------------------------------------------------------------------question 1 , 2 3 , 4 , 5 ,

subject

1 1 11237 1 8 12
2 17 10 28 8 7 1 10i,3 I'l 11 71 19 iI

i4 iz Iy I? 1e Ir- iz 9 1 7 13 18

e 23 E2 8 23 1128(14)1

7 14 19 14 5 11 1i
8 15 14 1 e 11 15

8 17 28 7 10 15
10 16 12-l L 9 12 i115(15)i
11 37 9 13 3e 33 20
1u 16 17 43 18 11 97(15)

13 22 10 15 7 10 11
14 5 a 8 1 3 11 7
15 1 e. 6 8 15 11 8
1e e 1i 7 15 i
17 8 6 E 3 a

le 16 10 ! 7 6 11

19 6 7 7 10 15 
zo 9 8 10 8 8 67(15)i
21 9 9 7 6 10 5
22 13 e 8 4 a 11
a 13 11 22 5 1 18
24 9 7 28 5 24

------------------------------------------------------------------------ ------- ---
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TABLE II-c

COLOR FIGURATIVE (BlUi/ORANGE) RESPONSE TIMES

DISPLAY 4

question, 1 , I 4 I '

sutject

i 7 : e 12 14
1 1 ii :9 4

3 6 9 7 6 8 9
4 : i 11 27 12 13
t9 7 7 13 12
6 le E 11 7 18 13

7 6 6 7 6 18 11
8 1i 14: 7 7 18 19
9 a 6 11 e 12 32
10 18 le 15 24 37 17
Ii 7 E 9 6 13 11
IZ 17 13 19 E 31 27

13 12 6 it 5 24 11
14 6 7 5 8 e 1 9
15 9 7 E 6 7 12
15 7 t 6 Yi 14
17 12 6 6 3 7 8
18 7 6 7 a 8 2

20 6 a 4 1 1 9
21 8 6 5 3 7 8
22 6 12 7 4 y 9

,23 9 9 i 6 10 11
14 7 6 11 1 11

-- I-
2&1

21
22 6 12: z 7.. 1- 4 ,--

2399 -: i : .



TABLE II-e

COLOR YIGbRATIVi (BLUE/ORANGE) RESPONSE TIES

------------------------------------------------------
DISPLAY t

question 1 I 2 4 5

------- ----------------------------------------------- I
siub. ect

11

3 39 6 it e 10
4 21 I1 1 8 9 8
5 33 12 17
6 141

7 24 6 6 9 8 37
S 30 9 t 7 13 12

9 36 8 6 8 8 9
10 24 12 11 21 11
II 2z 10 & 19 7 10
12 60 13 1 12 24 30

13 36 8 8 le 1
14 11 3 11 6 8
15 15 1 t 7 6 8
16 10 e e 6 6 6
17 ii 5 7 4 6
1E 12 6 8 7 7

19 11 10 4 7 19

20 23 5 4 iv 6 15
21 4 5 8 9 6
22 21 7 1 14 7 6
23 17 7 ? 5 7 , 21 12
24 16 4 13 18 7

------------------------------------------- ------- ------- ------- ------- ----------------

I I I

I



TABLE II-a

CCLOR NTDS RESPONSE TIMES

--------------------------------------------------------
I TSPLAY 1

question 1 2 4 5 ,

subject,

4I
1 I I I 7 I_

4 5 6

S415 7 5 9 6
12 7 6 4

6 13 6

7 1 ii 7 7 4 5
8 5 4 5 5 4 10
10 7 6 6 6 5

Ii 8 5 7 5 3 5
12 12 9 & 24 15 7

13 E 7 7 l 16 11 9
14 11 9l re i 14 4
15 12 5 5 7 4 4
16 135 6 5 1 5
17 7 6 4 5 15
18 9 6 9 11 5 6

19 5 4 i 5 3 4 3
20 14 3 5 3 1
21 6 6 i 1 6 4 4
2?- 7 5 6 1 19 4 4

23 17 6 14 7 4 4

-- I I- - - -

6:



TABLE Ill-b

COLCR NTDS RESPONSE TIMIS

-------------------------------------------------------
DISPLAY 2

----- --------------------------------------------------- I

question] 1 2 g 5 6
------------------------------------------------------------------------------------------

subJect

1 10 12 7 7 6
2 140(16); ? a 5
3 17 9 5I ii
4 12 10 7 1 16 7
t 21 i0 7 12 7

6 22 7 9 8 7

7 :63(15) 11 10 12 4
6 17 6 C 6 5
9 17 15 15 13 6
10 13 13 9 9 9 9
ii 16 14 10 15 16 5
12 12 11 11 Iy 11

13 1E 15 14 26 20 7
14 12 11 12 23 19 6
it Ib 20 7 10 ii 5
S 32(20)i 10 9 9 5

17 31 9 5 11 7 a
18 23 8 6 1e 8 12

1 8 7 e 6 7 4

20 9 i 7 6 5
21 12 C - 7 7 1:
Z2 20 11 t 6 7
23 ii 8 7 5
24 14 ii 11 7

c
. . . . . .. . i - I I .. .. ... . . .



TAblE III-c

COLOR NTDS RESPONSE TIMES

DISPLAY 3

question 1 2 3 4 5 6

1 21 10 12 I (I1) 23
1 I 7 14 I 23 6
2 i E it 6 I1 14

1 8 12? 12 1 5 21 2z

5 98 12 7 16 28
6 17 a 14 7 1 3 17

7 Y Y 14 6 21 14
8 8 7 j 6 1 i 10
9 9 14 14 6 16 12
10 10 7 13 5 21 1 0
11 13 12. 3 14 32
12 9 28(9) 1 ii1 12 1e

13 11 16 17 7 38 19

14 1e ie 14 9 28
15 10 14 i1 9 I1 Ii
1 16 23 12 8 14 31
17 6 2t 1219 9
18 1 1 1 15 12 1 (20)1 24

24 110 0 1 11
20 6 6 21, 5 21 7

214 -3 16

22 - 6 1 -- E- -- 9
2 17 31 ie 7 2L 27

r-4 10 1 9 5 33(16)1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



TABLI III-a

COLOR NTDS RISPCNSE TIMES

--------------------------------------------------------------------------------------------

DISPLAY 4

questicn 2 4 5

subject

1 2 I 8 I 2 i

2 lo 7

a 6 ? 17 9
4 7 J. 11 7 14 7
b 12 II 6 13 &
6 B 10 12 5 22

E 6 7 a 5 8 7
9 12 14 E e 11 27
10 6 8 11 6 14 9
11 9 15 14 7 16 1
12 19 ii .31 21 ! 0

13 y 11 17 23 14
14 7 11 11 5 i 10
15 7 16 16 6 11 8
16 7 lb 10 14 13
17 a 7 14 5 16 9
18 IC e 11 7 26 12

19 7 8 13 4 12 8
20 5 a 14 9 12 6
21 7 , 9 4 9 6
22 24 12 1o 7 10 1 1
23 1 15 5 14 12
24 7 9 19 6 15 9

---------- ---------------------------------------------------



TABLI III-e

CCLOR NTDS RESPCNS! TIMES

DISPLAY 5
-------- ---------------------------------------------- I

question 1 2 1 4 i , 5

sutiect

E e I i a i I o
19 b E 3I

13 13 14 1114 5 8 1419 9 5 1 8 3
f l144i@ I 17

? 22 ? c- .I 2I

is 7 io a lO616 9 7 7 14
10 59(17) 19 c 15 4 1 -

I- X6 a 7 15 (e) 7? 2

I7 3z 12 7 10 13

20 10 7 5 7 7 14
,21 8172 W 5 7 9591 1)i 13 t 15 1 17

11 1 i 4 6 12 12
2 13 14 9 1' 14

. . . . .. . - I - "

-- --- - -- - - -- - -- - - -- - -- - - -- - -- - - -- - -- --

I I I7,



TABLE IV-a

COLOR IGURATIVE (GREEN/REK) RESPCNSE TIrES

EISPLAY 1
i , I

question 1 i 2 z 4 5 6
----------------------------------------------------------------------- I

suo.lect

1 8 6 7 7 5 6
2 6 1i 4 4 5 5
3 b 7 4 4 3 4
4 6 7 t 6 4 5 i
5 8 5 6 6 6 3

7 t 8 7 4 5
6 5 4 5 4
9 I1 5 12 5 4 4
7 7 4 - 7 3 3
SI 4 4 4

i9 1 9 6 5 6

1 9 7 7 6

I 4 7 P-5 6 4
ii t 8 4 4 4 2
16 6 6 5 6 4 5

S17 3 4 3 4: 4 5
18 6 = 64 7

19 10 4 36 5
2 Ie 6 4 6 3 a

21 14 6 2b- 6 a ii
2 2 I 4 - I I
23 7z(9) '37 5 e 8 5 15
2 6 t 7 5 6

I------

19 1 1 1 46 13()

20 1 1 6 1 1 6 1 1



TABLE IV-b

COLOR FIGURATIVE (GRiN/REID) RESPCNSE TINES

DISPLAY c

I II I Iques I I 2 , b ,

subject

2 7 i- b 3
3 lz 9 4 5 7

4 y I L 7 I 6
18 13 7 1 i 5

6 1Z 10 7 I4

7 8 21 d 8 7 5
5 7 5 5 6 5

v E 6 a 42(7) 8
10 12 1 7 4 7
11 11 7 7 4

12 913 E 16 10 7

13 i 11 14 a 12 5
17 9 8 t 6 7 7
15 13 18 4 8 2 5105 12 6 5 7 4

17 15 9 5 7 15
18 1 1 18 16 17 5

19 11 16 10 a 9 6

20 14 7 5 9 721 6 11 10 4
141 8 1 8 7 5
27 15 2b i 22 7
Z8 10 E 7 14 17 7

------

19, l, H 1 i 16 . 10 I ........



TABLE IV-c

COLOR YIGURATIVE (GREEN/RED) RESPONSE TIVES

DISPLAY 3

question 1 2 4 5 6

subject I

I I
I

i 15 11 10 7 11 9
12 , ie i1 3 6

3 7 7 9 4 16 12
4 E i4 5 10 20

10 13z 9tb

6 12 7 E 5 9 12

7 7 9 11 5 9 16
8 7 6 4 6 9
9 7 12 11 5 ii 6
10 8 6 16 1 6 1 6 11
11 14 12 6 3 12 14
12 10 19 12 7 1 9 16

13 41(10)1 65(7) 28(10)1 6 1 11 1127(11)1
14 8 E 4 8 11
1b 6 7 13 I11 
i6 11 8 9 6 7 1I1
1? 6 6 E 5 9 7
18 17 8 18 5 20 14

19 I I 1 I@ I

1E8 1- 4 1 10 1 10
20 9 7 11 1 48(14)
21 7 6 10 4 6 9
22 7 1
23 16i 1 1 5 15 21
24 20 21 11 8 1 16

K j
ri_ _L " 70
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TABLE IV-d

COLOR iIGURATIVE (GRiEN/REr) BESPCNSE TIMES

DISPLAY 4

question i 1 2- -,- - -4 5 6

subject

1 7 9 7 6 i 15
2 24(10) ii 6 5 6 35(14)
3 5 1 4 1i 15
4 7 15 7 23 14
5 18 12 7 13 10 5
6 8 E 1 14 1

7 6 7 6 5 9 10
8 6 4 7 6 6 16
9 7 C 8 6 9 12
10 6 7 5 5 8 31
11 6 1 7 5 4 9 9
iz 1e 2o 14 7 11 19

la 6 10 14
13 1 13 t 18 6 1 14
14 1e 6 4 1i 38
15 7 9 7 6 10 9
16 7 5 7 7 10 22
17 6 C 7 5 7 12

i I 7 15 I .

19 7 16 2 4 13 14
20 8 7 12 5 42(13)1 23
21 6 5 7 4 13 9
Z2 8 6i 7 12 21
23 14 23 25(12)1 55(6) 14 2e
24 11 11 19 0 64(13)1 23

---------------------------------------------------------------
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TABLE IV-e

COLOR FIGURATIVE (GRiEN/REr) RESPONSE TIVES

--------------------------------------------------------------------------------------------

DISPLAY t
------------------------------------------------------I

questicn 2 1 2 4 , 5
---------------------------------------------- I

subject

1 13 11 5 11 7 10
2 7 3 12 8 6
3 14 5 4 9 7 7
4 16 lo 5 10 15 9
5 14 7 4 Io 9
6 I 24 13 4 10 6 9

7 24 7 E 15 11 10
8 38 11 4 " 7 8 7
9 6W(21) a 7 8 5 8
10 11 6 4 7 6 6

e 18 l 7 5 1e
12 12 8 b 8 17 14

13 14,-(13)1 6 t 7 i 9 i 10
Il I m i 4 7 7 i

15 12 6 4 88 IQ 8
16 44(13): v 8 8 18 10
17 13 6 4 6 7 12
18 11 8 5 11 7 9

19 1 48(25)1 9 : 5 11 13 1 10
20 b7(25)1 9 i t 16 1 41(17)1 8
21 21 7 3 5 7 6
22 26 9 4 6 8 7
Z3 E8(25) ii 5 12 36 14
Z4 28 9 10 11 23 10

4----------------------------------------------------------------------------------------4
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APPENDIX i

EXPERIMENT 1 MEANS ANL VARIANCES

TABLE V-a
MEAN AND VARIANCE BY GROUP, QUESTION, DISPLAY, AND TREATMENT

MONOChROMATIC NTDS DISPLAY 1 1
SUBJECT TYPE ALLEGIANCE BOTH

1 8.00 8.50 6.33
2 30.00 13.50 11.00
3 21.e0 14.50 9.67

16.00 9.00 8.67
5 15.00 15.50 9.00
6 8.00 le.eL 13.00

GROUP MEAN 16.33 11.63 9.e1
GROUP VARIANCE 69.87 9.17 5.0

7 7.ee 9.50 6.33
8 17.00 8.50 4.67
9 18.00 6.50 5.33

10 8.e0 6.0L 5.67
11 7.00 6.00 5.00
12 12.00 13.50 9.33

GROUP MEAN = 11.5o 8.23 6.06
GROUP VARIANCE = 25.10 8.47 Z. 0

13 16.00 8.50 8.00
14 12.00 8.5e 9.67
lb 8.0 6.00 5.33
16 12.00 6.00 10.67
17 9.e0 6.eg 5.00
16 17.00 5.50 t.00

GROUP MEAN = 12.00 6.75 7.28
GROUP VARIANCE : 14.00 1.88 6.38

i1 6.00 5.50 6.00
20 25.00 6.50 8.00
21 5.00 5.50 5.33
22 6.00 13.00 10.67
23 17.00 19.00 13.3
24 17.e0 14.ee 9.Ok

GROUP MEAN = 12.67 10.58 2.72
GROUP VARIANCE = t7.47 31.34 8.91
QUESTION MEAN = 13.12 9.38 7.92
;UESTION VARIANCE = 42.11 15.09 6.V9

DISPLAY VEAN = 10.14
DISPLAY VARIANCE = 25.68



TABLE V-b

MEAN AND VARIANCE BY GROUP, QUESTION, DISPLAY, AND TREATMENT

COLOR FIGURATIVE (BLUE/ORANGE) DISPLAY # 1
SUBJECT TYPE ALLEGI ANCE BOTH

1 7.00 6.00 4.e7
2 9.00 10.50 7.33
3 6.00 9.50 7.C7
4 6.00 7.00 6.00
5 6.00 5.eO 8.67
6 6.00 5.00 7.00

GECUP M AN = 7.00 7.17 6.89
GROUP VARIANCE = 1.60 5.47 1.94

7 13.ce 6.50 5.e7
15.00 7.00 8.33

9 33.e(l 9.00 e.00
10 12.00 9.00 14.33
11 8.00 4.50 8.00
12 10.00 8.50 9.£0

GROUP MEAN = 15.17 7.42 8.89
GROUP VARIANCE = 82.17 3.14 R.37

13 7.0e 5.50 5.33
14 5.00 3.50 5.33
15 7.00 4.00 3.67
16 4.00 3.5e 4.67
17 7.00 4.50 4.00
18 6.00 4.00 6.00

GROUP MEAN 6.00 4.17 5.00
GROUP VARIANCE 1.60 0.57 1.15

19 6.00 4.00 4.67
20 6.00 3.50 4.02
21 4.00 3.50 e.00
22 5.00 5.50 5.67
23 iI.eo 5.50 6.00
2 1 .00 4.50 5.00

GROUP MEAN = 6.83 4.42 5.22
GROUP VARIANCE = 6.97 0.84 0.65
QUESTION MEAN = 6.75 5.7Y 6.50
QUESTION VARIANCE = 34.54 4.54 5.17

DISPLAY MEAN = 7.e1
-ISPLAY VARIANCE It.l;
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TABLE V-c

rEAN AND VARIANCE BY GROUP, QUESTION, DISPLAY, AND TREATMENT

COLOR NTDS DISPLAY , 1
SUBJECT TYPE ALLEGIANCE BOTH

1 7.00 6.00 7.33
2 11.e0 5.Oe 5.33
3 11.00 5.00 5.67
4 15.00 7.00 6.67
5 12.0e 5.e 7.33
6 13.00 6.50 6.33

GRCUP rEAN = 11.50 5.75 6.44
GROUP VARIANCE = 7.10 0.77 0.69

7 1E.00 8.00 6.00
8 5.00 7.00 4.67

2.8.00 6.50 6.67
10 9.00 ..t.0 7.67
11 8.00 5.00 5.00
12 12.00 8.0e 15.67

GROUP MEAN - 11.67 6.67 7.61
GRCUP VARIANCE = 29.07 1.57 16.78

13 8.ee 8.00 11.33
14 11.00 6.50 17.00
15 12.00 4.50 5.33
16 13.00 5.50 7.33
17 7.00 10.50 4.33
18 9.00 6.00 8.33

GROUP MEAN = i.00 6.83 7.78
GROUP VARIANCE 5.60 4.57 7.19

19 5.00 3.50 4.00
20 14.00 3.00 4.33
21 6.00 5.00 4.33
22 7.00 4.50 9.67
23 17.0e 6.00 le.67
24 9.00 5.00 8.33

GRCUP MEAN = 9.e7 4.50 6.89
GROUP VARIANCE = 23.e7 1.2e 9.11
CUESTION MEAN = 10.71 5.94 7.18
CUESTION VARIANCE = 14.$i 2.66 7.65

DISPLAY tEAN 7.94
"ISPLAY VARIANCE 12.31
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TABLE V-d

VEAN AND VARIANCE BY GROUP, QUESTIGN, DISPLAY, AND TREATMENT

COLOR FIGURATIVE (GRIEN/RED) DISPLAY # 1
SUBJECT TYPE ALLEGIANCE BOTH

IzI
1 E.00 6.00 63
2 6.ee 8.00 4.33
3 5.00 5.50 3.67
4 6.00 6.00 5.33
5 8.00 4.e0 6.e0
6 5.00 4.00 5.00

GROUP MEAN 6.33 5.58 5.11
GROUP VARIANCE = 1.87 2.24 1.00

7 9.00 11.50 5.33
E t.00 4.50 4.33
9 1e.(e 4.50 7.00

10 7.00 3.10 5.33
11 I.00 7.00 4.00
12 9.0e 6.e0 6.67

GROUP MEAN = 8.33 6.17 5.44
GRCUP VARIANCE = 3.87 8.37 1.4e

13 9.00 6.50 5.67
14 7.00 4.50 5.33
15 6.00 5.00 5.00
16 6.00 5.50 5.0 0
17 3.00 4.50 3.67
18 6.00 6.50 5.00

GRCUP MEAN - 6.17 5.42 4.95
GROUP VARIANCE = 3.77 0.84 0.46

19 10.00 4.50 5.33
20 10.00 6.00 4.33
21 14.00 8.50 13.00
22 7.00 5.50 4.67
23 9.00 10.00 8.00
24 6.00 6.00 5.67

GRCUP MEAN = v.33 6.75 6.83
GROUP VARIANCE = 7.87 4.28 10.79
;UESTION MEAN = 7.54 5.98 5.58
CUESTION VARIANCE = 5.65 3.71 3.56

DISPLAY MEAN = 6.37
I'SPLAY VARIANCE = 4.91
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TABLE V-e

rEAN AND VARIANCE BY GROUP, QUESTICN, DISFLAY, AND TREATMENT

l ,OhOCHRChATIC N 1S DISPLAY # 2
SUBJECT TYPE ALLEGIANCE BOTH

1 1Z.00 11.57 6.00
2 31.00 14.00 9.Z.
3 17.50 16.00 5.00
4 23.00 26.67 16.00
5 25.00 22.33 7.eO
6 15.50 18.00 13.00

GROUP fMEAN = i0.33 16.45 9.33
GROUP VARIANCE = 56.17 29.76 18.67

7 zr5..00 10 .33 4.00
8 6.00 12.00 6.00
9 14.50 14.67 9.00

10 14.50 8.33 6.00
11 1.09.3 5.00
12 13.Oo 12.33 I1.eo

GROUP MEAN = 14.58" 11.17 6.83
GROUP VARIANCE = 31.74 5.29 6.97

13 18.00 13.33 5.e@
14 12.to 10.33 7.00
15 10 .5 11.00 5.00
16 9.50 12.ee 5.00
17 10.00 7.67 t.00
10 21.50 18.00 5.00

GROUP MEAN = 13.67 12.06 5.33
GROUP VARIANCE = 24.47 12.06 0.67

19 9.00 15.67 5.00
20 16.V0 12.ee 7.a0
21 17.50 11.33 6.00
22 21.00 15.67 5.100
23 22.eO 22.00 12.o?
24 k0.00 21.67 15.00

GROUP rEAN = 17.58 16.9 8.33

GROUP VARIAiNCE = 22.64 21.05 17.47
QUESTION MEAN = 16.54 14.51 7.46
QUESTION VARIANCE = 36.t4 24.27 11.91

LISPLAY ['EAN = 12.64
DISPLAY VARIANCE = 38.93
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TABLE V-f

iEAN ANt VARIANCE BY GROUP, QUESTION, DISPLAY, AND TREATMENT

COLOR FIGURATIVE (PLUE/CRANGE) DISPLAY # 2
SuBJC' TYPE ALLEGIANCE BCTH

1 8.t: 8.336.00
2 5.20 8.0 4.
3 7.51 9.33 9.00

t4 IZ00 10 .67 6.00
5 21.50 9.33 5.00
6 .!50 8.67 5.00

GROUP 'FEAN 10.17 i.06 .83
GROUP VARIANCE = 33.57 (.9i 2.97

7 11.00 23.00 13.00
8 q.t0 12.00 5.00
9 l..el 9.0 6.010

10 &.00 8.00 5.00
11 9.00 8.00 4.00
12 10.50 13.67 6.00

GROUP MEAN = 9.67 12.28 6.50
GROUP VARIANCE 1.17 32.86 10.70

13 7.0e- g.ee 4.00
14 7.00 5.67 4.00
15 6.50 5.33 4.00
16 6.00 6.ee 3.oe
17 6.50 6.67 4.00
18 6.50 ' 5.00

GROUP MEAN 6.58 6.67 4.00
GROUP VARIANCE = 0.14 1.62 0.40

19 6.00 6.67 4.00
2e 5.00 5.33 4.00
21 5.50 4.33 3.00
22 8.00 6.67 6.00
23 9.5e 8.33 6.00
44 10.50 ii.eo 12.00

GROUP MEAN 7.75 7.06 5 t
GRCUP VARIANCE 4.6E 5.58 6.30
GUESTION MEAN E .',76 5.:
CUESTICN VARIANCE 10 .7E 14.10 t.30

DISPLAY l"EAN = 7,59

DISPLAY VARIANCE = 12.09

7b



TABLE V-e'

l AND VARIANCE BY GROUP, QUiSTICN, DISPLAY, ArNd TR-ATMENT

COLOR NTDS DISPLAY 2
SUBJECT TYPE ALLiGIANCE POTH

2. E.50 9.y

4 lb. 867 7. 0.67
ID7 .£ ' 3£ 7.Z

S15.?Q£ 7.,,337.£

GRCUI" FEAN = i.2t. 7.9.
GRCUP VARIANCY = 9.4 0.91 4.40

7 13.50 9 .Z 2-. V
E 1 .t0c .7 t.
Ili Zz .? I .3 9-. 1z£
ii 11 .20 1 V. 33 9. eV

12 1t.to 11.00 9.00

GROUP MHAN 13.E3 10.56 F.33
GRCOP VARIANCE 3.37 6.29 4.67

1- 16 .c3. 7.00
14 17.50 14. e 6. Ov

It 14 .5 12.67 e.00
lb14.50 9.033

17 21.00 7 .00 e.eL
12 16.50 8.00 12.00

GRCUP tv'EAN = 17.4;2 11.;2 7.33
GROUP VARIANCE = 8.04 13.54 6.27

lv 7.00 6.67 4.00
20 . 5.33 5.0021 9.50 7.00 11. 0

22 113.00 7.33 Y.00
23 11.00 6.00 5.00
24 12.50 8.67 8.a

GROUP MEAN = 10.17 7.17 6.63
GROUP VARIANCE = - .87 1 . Z3 6.17
"UESTION MEAN = 13.67 9.22 c.8
2 UZSTION VAPIANCE = 12.73 7.83 4.81

DISPLAY rEAN = .F-
DISPLAY VARIANCE = 16.26
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TAB~LE V-h

N'EAt. tiND VARIANCE EY GROUP, QUESTiICN, DISPLAY, iANL IFJATMEN1

COLOR rIGURATIVE FS'/R ISPLAY 1; 2
S~B~C i'PEALLIGIAN.C1 BOTH

1i i.50 4. V V

9 .00 60

GROUP 1AAC Zz 1.7 1.761.7

7 1.3 3

6.50 6.33 .z
11 U, 6.67 4 V
12 EO.i~ 12LA. 370

IRCUP EA\ N 6 .50 6.02 5. 5e
GROUP VkRIA,,CE - .E -"l 5.10

13X to 12 .3Z3 t .00
14 7.50 7.33 7 f

iz to.335.0

17

GROUP ~A N 10& 2.3Z9 t.17
GRLUP VARIANCE 8.9? 28.Y?

1 .Z b0 11.67 e .0i
:2 14.to 7.20 7.00
21 5.08.67 4. U

20 .6? 7 .20
24 V2i -. 00

GP.c u ? ~A N" .2-1 12 .&9 6.00
vFCUP VA FAI CH 104 ~ 29 1.U
"W16EST Ic'i FEAN ~ .69 9.62 53

-~AY EM-
2~LAY VAIR>lziNC 1 4



TABLE V-i

NIAN ANr VARIANC. Y GRCUP, QUESTICN, DISPL4Y, AND TREATMENT

iC CCI.ChRCATIC IS SPLAY 3
SJ ypE ALL7GIANCE POTH

1 47.0 18.25 24.ZO

4 Y.00 20.t 2. Of/i5 9.ZO 21. 22 Z

Z4 1.00 3-1.00

6 17 .V 15.75 16.0v

G EOLP EAF = .2 232.17
*F (UP VARIiNCE = Lzt t t3. 0

7 05 .0 16.25 17.00

10 .eO 14.t0 14 .0k;
zo 17 .?t 11.07

i 17 .O 1Y .25 I 1.0c
11 1--.00 11 .2!: 13 .0 0
12 to .00 16.00 11.00

GRCUP MEAN 2Z.17 15.E3 13.67
GROJP VARIANCE 2010.57 7.67 6.27

1 z ;.ZO 13.75 17. 0
14 19 .0 18 .'1 .
1 17.00 10 .7: 11.00
le 11.00 21 .;- 11.00
17 37. 00 11.25 9. 0V

GRCUP MIEAN = 21.17 l4.eb I.02
SROUP VARIANCE = 77.77 16.44 54.40

17.00 .2t 15.00
20 iI.00 1 .17 1.00

I 22 1 0. o 17.7t 21.0

4Z ~.00 32.2t5 01

GOUP MEAN = Z.E5 21.21 15.67
JRCUP VARIANCE = 26 .97 51.1 I: . 7
UESTC E.Ats = 24.0V 18.79 16.12

;bLs'h Ci\VAR IA-.C = Ic7.4& 41.02 2-.b1

ISPL Y LEAN = e9.64
DISPLAY VAR1INCE = 8..5

. .. '.



TABLE V-j

' zAN AND VARIANCI PY GROUP, QUISTICN, DISPLAY, AND I'RIATrENT

COLOR iIUURATIVE \BLUS/ORA.GE ISPLAY 3
S4BJ CT I YPE ALLEGIAiCF BCTE

E .0k1 13.25 11.20
? OL/ 14.001 . .

3tj ov.13 3.25 !4. v
4 ik .0Z 12.t0 IV.Z0

t1 _7.00 13 .z0 1
6 2 0.Z 9.75 2".1

GROUP NFA I1 .. 12 .3 14 .'
GRCUP bAR I N CE = 11.07 2.k2 23.&7

7 i. v 12.25 14. 0 1

10 12.00 15.25 i.v

11 5 .0 1E .0e -7.0v
12 1i1.00 24 .25 i E .30

'RC UP frEAN = l4.67 16.37 1s.ev

GRObP VARIANCE = l.07 18. 39 yE. 0

1 10.00 10 .75 22.00
1 11 .00 6.5e 5.0
I t11 .00 9 .2b 10.00
16 15 .00 9.50 6.00
17 9.00 5.75 e.zl
18 F.00 9.2b 16.00

GECUP v-EAN = 6. .50 11.17
GRCUP VARIAN CE = E.F7 2.75 43.37

19 10.zo &.00 c-.00
20 8.00 10.25 F-00
21 1 .00 5.75 9.00
22 E .eV 7.75 13.0 0

2, 13 .00 16 .£ I1). 0

GEOUlP h, AN = ; w.67 10.46 33
G;ROUP VAR I k CE ,-4.7 14_ 09 9. &7

LESTICN VARIANCE eb €  17.27 .3
-ISPLAY EAh 1; 1.0
"ISPLAY VARIANCE = 32.E.3

ck



TABLE V-K

N A, AN- VARIANCE BY GROUP, QUESTICN, DISFLAY, AND TREATM ]ENT

CCLOR I'S ZISrLAY 3
SLBJ-CT TYPF ALLEGIANCE O0.1,H

1 . I5.25 21 .0w
0,., b .7t 11.0

3 1E.ve 12.75 21.?v
4 1.O8.00

t -0;13 .7t 9.20
11 .5e 17.Zc

GROUil MEAN = 1.&3 11?.75 14.5e
GECUP VARIANCE = 17.-7 3.68 35.10

7 21 .7c 12 .75 9.22
8 it .0 I .2] 0.E y

Io .00 tO.5 9.01)
10 2 .£ V(6 .25 11F .ov

11 14 .00 13.75 13.001 ;_IZ.00 1 -' .-- 9. 00

RO U P EA"i 16.50 11.46 9.67
GROUP VARIANCE = 16.o 4.39 3..7

13 6b .00 14.75 11.00
14 ;6 .v( 12.75 1C. vo
17 1.00 10 21.22 . i

18 20.00 23.bO 12.00

GPCUP M7AN = ;0.02 1.13 10.83
ARCUP VARIANCE = 125.20 25.62 10.57

8.00 11.00 10.00
0 21.2 10.2t 6.00

21 23. 0 8.75 7.V
22 10.00 6..2t0.0
23 i .00 18.7t 17.00
24 16.o2 8.0e I.20

"IOUP EAN - 1:.:A N 11.20 3
UROUP VARIANCE = . 15.55 17.47
'WUESTION MiAN 1791.311?
cUSTICN VAHIANCI = 44.7E 1.7 18.7b

ZISPLAY rEAN = .c
ZISPLAY VARIANCE = 36.9



TABL V-i

K-A ' AN" VARIANCR BY GRCUEP, QuESTICN, LISPLAY, AND TRfATMFNT

COLOR kIGUPATIVI RHEh/RED) 2IPLAY
cBJ-CT TYPE ALLEGIANCE PCTH

1 i1.00 9.,5 15.,2L

E-20 E~.00 k04 l.ie 8. .00P
6 i8 .. If .12. ,£V

GROUP rEAN = i0.& . I.e7
GECUP VARIANCE = 81.Y7 2. 9 8.57

7 1.25 7.Z
E 6.0 7.0 7.00
9v 11 .20 9 zk:7.0

10 F. 0 9.75 E.00
11 12.00 E .7! 14.00
12 9.0 13 .r 10.00

GROUP MEAN = 8.83 9.71 8.E3
GROUP VARIANCE 6.17 4.59 7.77

13 11.00 8.50 10.00
14 8. .o 6.25 E.00

1510 .00 10 .00 6.00
1 lb 7.00 8.50 11.00
17 9.00 6.5o 5.00
16 Z2.00 11.25 17.00

GROUP MIAN 1 10.83 .g3 9.67
4ROUP VARIANCE = Z2.17 2.e4 17.Z7

19 10-00 8.t0 11.00
0 j. 00 9.00 9.00

21 6.eV 7.25 7.0(
9z 9.00 9.007.

15.1 0 14.75 16.00
211.00 14.50 2eC

GECUP " AN 12.00 1.to 11.67
GROUP VARIANCE I z,.C0 10.6Z 27.87
,UISTICN = IEAP 1 z .113 9.48 10.21

UZS .u ,,, VAh1 " = ii.5. 4.95 14.-Z
UISPLAY FAN = 9.94
DISPLAY ~?.C



TABLL V-r

AN7t-N Vn-RIANC7E BY (ThOUP, QU2STICN, ISFLAY , AND TRBEATrM4N'.r

.C,'.OCCEC!',ATIC .IZ i1-LAY 4

"BJC' a A LL:;(, A - fC,

"1' 14..2 0

14.t

GF CUP~ MAN = .01? 29.44 z
,Cu P VAR ir.NCF 7E .1

10 i.n 15zZ .Z

11 1000 1 ZO 1. t

;RCUP r'EAN 10 . - 15.28 9.4I2
OU VARIANCE E ..17 t.14

1 IL .0012 b

16 It.0 v.67E. j

1616.-20 14.0c E.00

R CUP ikFAN 1Z E7 19-94 t

iv v OfO 17 . 00 .0
;i 0 ;_-z -ZO ~ 17 . 0 "

21 9 V 15 . Z'A C
2Z11.00 19.e7100

.,FOUP N A~~ N 14.e7 121.171 Z.E5

DISPLA VARINCE VC.7



TABLE V-n

YIAt. AN'D VARIANCE LY GRCUP, QuISTICN, DISFLAY, AND TRFAT, FNT

CCLOR rIGURATIVE (BLULORA -GE, DISPLAY 4
TY VE ALL EG I ANCE CT

1 Z..0 1 .167 7.50

*1 VVY 7 .33 (

6 1E.Z 11 .33 7.50

GROUP 'EAN = iL.0 10.Z6 .bE
JROUP VARIANCE = i .40 2.7 44.14

7 18.~'80
E 1 -- .100 12.33 i.to

7 e / 1.5?17.16.670
ii lt .@ 9.070 7.00

121.0 21 .Z 10.50

-;RcUP ' EAv = 21.5e 14.0V 9.5e
(GROUP VARIANCE 10 .:V 2b.7b 17. E0

13 24.00 12.57 t.0
14 E.20 6.67 7.50
!b 7 .00 9.67 6.to

Iid 9 .00 E. - € .50

17 7.VV 8.67 4.50

GROUP MEAN = 10.50 .t6 E.17
GROUP VARIANCE 44.30 4.69 1.97

I8 £ .00 7.33 !.bO
20 1q.00 7.b7 E.00
21 7.oe 7.00e 4.50
2- 7 3 E.00

24 13.20 9.67 7.20

GROUP MEAN = 10.1Y 8.11 5.4z
GRCUP VARIANCE = 7.77 1.50 1.74
QUESTICN rEAN = 13.54 10.43 7.92
-LESTION VARIANCE = bg.04 12.f5 16.E4

LISPLAY ZAN = 1.tZ,

DISPLAY VARIANC = .9b



TABLE V-o

MEAN AND ARIANCI BY GRCUP, QUESTION, DISPLAY, AND TREATM'ENT

COLOR NTD6 ISPLAY # 4
SUBJECT TYPE ALLEGIANCE BOTH

1 15.o0 8.67 7.00
E c.00 8.67 oc

3 17 . 8.0e 6.0
4 14.00 8.314.00
t13.0 9.67 7.50
6 2.O 9.67 7.50

GROUP tEA = 14. tl .4 E .35
GROUP VAPIl:NC- = ,7.50 0.48 8.17

7 15. o 9.3 7.00
'1.00 6.00

9 11.Zz 15.67 10.100
10 14.0.0 8.67 7.00
11 16.00 12.00 11.00
12 21.00 20.00 10.00

GROUP rEAN = 14.17 12.11 8.50
GROL? VARIANCE = 19.77 24.12 4.30

13 23.00 13.E 8.00
14 11.70 9 .33 8.20
lb 11.00 10.33 11.00
16 14.00 12.
17 18.0e 67 1.2e
1 26.00 11.00 7.50

GRCUP MEAN = 17.17 12.00 6.63
GROUP VARIANCE = 39.77 11.64 5.87

19 iZ.00 y .33 6.00
20 12.00 8.33 8.50
21 9. 0 8.ev 6.0(6
22 10.00 14.67 Y.50
23 14.00 11.67 7.00
24 15 .C0 11.67 7.50

GROUP r-EAN = 12.00 10.61 7.42
GROUP VARIANCE = 5.20 6.48 1.94
2UESTICN MEAN = 14.46 10.89 e.27

_STIO VARIANCE 23.56 11.12 4.70
DISPLAY tEAN = 11.21

- DISPLAY VARIANCE = 19.28

h'?



I
TABLE V-p

f"Int AND '.ARIANCE BY GROUP, QUISTICN, DISPLAY, AND TREATMENT

COLOR eIGUPATIVE ,GREEN/IED) DISPLAY # 4
SUBJECT TYPE ALLG IAbCE EOTH

1 10 .0 9.67 7. 0
e .00 10.20E:.

GROUP M'EAN = ii.£ .67 e.92

(RCUP~a. VtRIAhCE = 5.T_ .@ 6.14
S4.557

2", .041 c 5.0L

0...0 17.57

GROUP rEAN = &.67 1.17 7.17
GFCOP VAR IANCE = 2.5T 10.7e 10.07

I . 15.00 12.0Z
14 1&.0V 18.09 5.5

10D £.20 7.57 7.50
17 7.9 8.=3 525e

1 i 9.57 7.50

GRCUP FEA = iI.e7 11.78 .5
GP.OUP VAR IA'jCE = 15.27 16.472.3

19 13..0 I9.57 10.0

0 0 9.00 ?4~ .00

21 13.1 7.03 4.5/

9 .00 C-e15.00b

23 11.00 15.ZZ 413. 0

2R4C VARIANCE = .o7 17.7 10.07

' i'm 12"' -' 0" "u 51i .00 1 .01
14.. . 1A' a= A 1 8 . = .5e7

1ESLA 1AR4.00 C =51.0GRU t'EA !671.865



TA.Ll V-q

7AN ANE VARIANCE EY GRCUF, QUESTICN, DISPLAY, AND IREATf-ENT

RJCNCChRO?:ATIC NTL UISPLAY tJ'-: C T iyLT a 7GI j,,C:
S.ME ALL!C BOTH

1 10.Z0 9.Z 12.0

1 Z.L? 11 .20 12.67
I& .0c 13.0 0 12.E7

6 15. Z 33

GRGT A r" A'. N 17..3 15. 67 14 . 72
G(CUP V PIAINC = 14 .17 2-. 7 7. 2

7 1 .1 .. . "

6.7
iz 9.50 II.2z 7.7
11 10.Z 7.00 7.67
12 13 .E .z iizo

GRCUP MAN = 12.42 2.83 9.67
GRCUP VARIANCE i4.64 -'.77 12.16

13 li.£ £ 13.Zi 15 .00 8.0 14.5.7

it 1L.00 7.00 11.00
it 1&.0 11.00 20.00
17 ..50 9. .2 7.67

17.00 5.20 10.67

GECUP IVA- = R .5f= 7.E7 I2.-&
;PCUP VAP IAf.C = 8.24 4.67 17.93

1 Z? ke 9 .00 12 .330 14 .0 ; 13 .2 1 3Z

21 I.50 4.0e 7.33
2 1 .50 2 .00 10.67

22.00 17.00
2 .  15.5v 46.0Z 17.3

C RCLP 1 AN = iE.83 .0 7.0013.J
.rOU P VARIAN CE = L_.77 239. k-0 14.5E

2UESTICh EAi' = 5.79 11 .7 12.57
;I: VA k 1A C = 24.22 74.17 14. E

:ISPLAY LEAI, = .
7ISPLAf VARIaNCE = 39.72



TABLE V-r

'!AtN AND VARIiNCE ;Y GRCUP, wi.'STICN, ISPLAY ,. AND TREATr7N'T

Z :oF iGU.A2? (BLU-iCR;. FA -ISPLAY P
L E CT Y Yi E TLL AIAt..C FCTH

6 00 ~ 12.1,1

3 5 .Z 9.67

ZZ.t 4.00Za3I " IL.vz4 01 .Z Zz.3

GCUF AN 4.67 .7
RECUP V, I N = Zt.L 2.57 2.41

J.5 L, 6. ' ?.57

9 ZZ .50 6] .021.@
IZ ~ ~ 1 1.50 5 .

it,1 .00 .£ 12 .Z0
1h 4: .00 9i .Z Ie1 -. 3Z

RU P -AN 25.25 6.P7 11 .39

&RObP VARIANCE = 121.6& 2.Z7 12.75

1 EeO4.00 E. .3 Z115 L7 .£ L., e.le9.50 3.(O 8.33

it8 . 8. 05t.67

17 8.50 4.00 5.3-'
Ii9. 4.00 7.00

iRCUP r'A = 1Z.17 4. 5'? 9-69
*RL UP VARIANCE 4 7 .37 3. 7 1.3Z

It.01 4.00 .. 0
20 4 . -. 00 7.00

2;: 13. 5 re.00 9.""

11.5v 4. V 12.67

GROUP ,EA N i..t0 4.17 9.33
GRCUP ,P IANCE = 14.70 1.17 5.57

~EsT~c1 2Ai 17/ 5. 4 93
T"ES'10n VA iA,;CX = 7!.Z2 2..£ 7.t6

I P:AY A INC3 = 52.Z1

::s: ° ._1.4

J-



TABLE -s

:AN .ND !iANCE bY GRCUP, QDiSPIN, ISFLAY, ANr TPEAT EN:T

CC LOrR N12 Z S?-t
SLBJECT ALL7G IA.CC

1 i.50 6.2.Z
;_4.20116

3 14.5o 6.u/ 7.e7
4 Z4 .!k b .004.

I i 0 ~ 4.00106
S5.00 9.

GRCL % I +C=-E' ¢.00 28

7 2.50 6.(1 l 67
13 Zo 6.00 7.67
2. .o t .0e 7.67
15.20 6.0 16.ofi

i3. 4.ZO 10.00
to.0 12.c7

GROUP rEAN = 16.33 5.83 12.45
(ROUP VARIACE 15.77 1.77 i0.91

13 34 .00 7.00 1.67
14 15 .OL 5 .o 1.
15 2o. 5.0 0 10.00
16 17.00 10 .00 17.00
17 15 .U 8 .e0 7.67
18 17.50 6.0e 9.33

GRCUP MEAN 2 Z .1'? 6.83 11.83
"yCUP VARIANCE 53.47 3.77 15.86

19 8.50 5.0r 7.67
21 i .00 3.00 6.0Z

21 8.5o 3.V0 2.00
42 13 .r0 -1.00 12.00

;i3- 1 Z. 00 8.00 9.67

G F U P rAN 1 I.z 5 .3 3 8.E7:GRCUP VARIAN CE 6.i10 i. 07 4.13Z

OUT s IC c 1% A 1: = 16 . Z 5 .7b50

DI'LAY VARIANCE "18.9V



At h ANr ~ARIAC _Y GRCU~p, W.u:ESTIZN, ISFLAY, AND TREATrENT

2CLOR :c A E;.REN/E:" :!SPLAY

c Il ;LLEGUANCE CT

i4 tk n.0 11.7
4.00 9.00

0iCi up N 1. 4.17.t
RC 7.07 ~ L7244Z

7 v 5~.02 v6

12 to .00 F~1.e0

1? .~ .00 .0

1E 1.50 4.03

~R CUp ~ER 11.04 4 7
JRCUP, V;AOIAACE 1.54 .4 4.21

77'
1; ~' .5z, .zl

21 .4 t. 077

G17P A .: 7Z 1.17

1I~A 14 -LA

21 1A ~3.

2 to4. i 76



TAEL1 S P-A

--A N A ND ~A RI A NC Z Y QS'i IO , IAN 1REATNZENI'

!SPLAY 1

t1,CCCIROAIC NTr.S

N13.12 6.79

CC.LCP. ~i(URA4.1VI (BLUE/ORA;GE)

A' N E &.75 5.79 .
A.\; C E 4 .54t 4 45t4 t.?

t, lo 1.71 5.94.1
VARIANlCi 4~ 2 .6- 7.6b

CCLC. YIG.URATIVE (GREE-N/R--DrL

!:4 .9E4 ~br:
vhRAc -0 1.. - t E



T"ABLE VI-t

N 74f~ N %N VARI ING7 . Y "'LESi CN , 1 - VLAY, AND T EAT * D.-T

D!LQPLAY tt

AILE(GIANCE 1 T

0[,CCHRCr:ATlC NT-S

V AH 1A C-- ,4~ -4 2 11.91

C CLCR i IGUFRAIIi E ( BLUE/ORANG -)

A- F . t4 C-. ?6 5.46
ih I At~.CE ie1 .7b 14 .10 3

CCLOR NTDS

-''- 1 C- 7 ea2
TJA.;I A~ N' C~7~ E' 4. S

COLCR 51GURAIE (GRIEN/PRED)

AEIA!Am -1 ;4 1 V) 2 3 1.e
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TABLE VI-c

f _TAN AND VARIANCE BY OUFS'TION, DISPLAY, AND 1PEATfrENT

LISPLAY

REAYPE~q AILEGIANCE B C TH

* I r.CNOCHONATIC NTD6S

v ApI Ati - 1E.4 41.Z2 25.51

COLOR 1IGURATI1VE (BLbE/ORANGE)

VARIANCE 17.27

COLOR NTIDS

PEAN =17.92 12.33 11.76
VARIANCE =44.78 13.47 1E_.7b

COLOR FIGURATIVE (GREEN/RED)

E~AN -10.i-', 9.48 10.7-1
VARIANCE =11.Z3A 4.961.5



'TABLE VI-d.

fv-EAt., AND~ VARIANCE BY QUESiICN, "'1SPLAY, AND TBEATr'ENT

'.R-- ATrr EN'T 'TYPE ALLEU;ANCE B 0 TH

r01O1,CChROr .ATIC ,ir~s

!V= 14.tS ~1'6 11.27
vA R IAN CE 4- = 64.E5 19.54

COLOR. !IlcURATIVE (BLUE/ORANGE)

~EA!' - 1354 ~7.92
VARIANCE t V.04e 16.64

COLOR NTDS

MEAN 14:46 12.E-9 e.27

COLOR FIGURAlV (cGREWNRIf)

ME A N =11.21 11 .21 8.
V AR IAN CE 4 11.29 1;.11



TABLE VI-E

'AN AND ARIANCZ BY OUES'1ICN, LISPI.AY, AND TIREATM.ENT

* ZISPLAY 4

:RFAT IN T1 TrypE A1II~ZIAICE BOTH

.ONCCERO!NATIC N'rs

7 ARIANC-7 24- ? 4.17 4E

CCLCR FIGURATIVE (BLUE/GRANGE)

VARIANCE ?t0 2.3 7.b6

COLOR NTDS

tEAN ie.ye 5.75 V0
VARIANCE -42.37 Z&e .20

COLOR 5IGURATIVE (GREIN/RED)

MEAN 1..1 4.7Y .4
VARIANCI - 13.1~i Zk104



TABLE VII

N'EAN AND VARIANCE BY QuESTICN AND TREATPIENT

f E NAT ENT TYPE ALLEGIANCE POTh

:ONCC HRUfATIC N 'DS

, A=.i i.I 11 .07
VERIANCZ - 7t. 11 52.18 2. E.48

CCLCR iIGURATIVE tBLUL/CRANGF)

PAN = 11.97 E.44 1.:6
VARIANCE - 51.k4 i15.86 23.54

COLOR NILS

r-FAN 14.71 E.83 8.59
VARIANCE - 33.24 14.32 11.34

COLOR IGURATIVE (GREEN/RED)

EAN 1 0Z.48 8.22 7.80
VAiIANCE = 14. k 12.22 12.20

?"no



'AbLE VIII

(1EAN ANj VARIANCE BY TEAThENT

TREATMINT V.EAN VARIANCE

*tONOCROr"ATIC N'TDS 14 .Z t5.

CCLURi FIGURATIVE (.6IJE/CRANGE) V.62331

CLOR NTLS 10.7b 27.46

COLOR FIGURATIVE (GRIEN/RID) E.83 14.kl



APPENDIX G

EXPERIVENIT 2 SCORES

i"CNCCHIROMATIC NTLS i COLGR FIGURATIVE
(GREN/RED)

TYPE !ALLEGIANCE !TOTA::'l TYPE !ALLEGIANCE 1TCTAL
I

- - - -- - - - - - - - - - - - i - - - - - - - - - - i - - - i14 15 29 16 16 32

1 14 132715 15 'Z 15 1t. lz Z7
7 6 13 16 12 2E

14 12 1 H 10 12 2
12 1! H 13 15 2
14 1e fz 13 1e 25
14 16 le 1 134
17 1,."t 16 12 ;
13 12 23 Ii14 14 2E
13 i 24 12 1 22

1 13 13 Zd

rEAN=13.92; 1.4kZ 17.331 14.17 13.08 27.25

VARIANCE= 7.721 12.4t ,56.24 4.7: 3.36 :2.02:
-------------------------------------------------------------------------------------

T

-. .. %



APPiNLIX h

(3CMPUTE? FRCGRAN TC CALCULATE MEANS AND VARIANCES

C ~ This -rokgram calculatEs means anld variances
for n-1 ae~rees of freedor..
real array ,,2~;4,-'J,csumn(4,5,4,'z) ,,CXoar(4,5,4,3)
real cvar(,,4,; ),qsu-(,- ,1) qxbar (4,b93)
real qvar(4,5,3) ,dxbar(4,5),dvar(4,51'
real txcar 4,3,t?ark4,3)
real mxber(t),mvar(4)
real sur,csquare,first,secona
Integer mcae,disp, Sub aLies grcup

c Input d1ata fromr file called, matrix.
do 10 rrode=1,4

reacL5,)(arra(mode,aisy,subj,ques), ques=l ,.3)
12 ccntinue
11 continue
10 continue

c Calculate the group means and variances.
do 41 rnode=1,4
do 42 displ1,5
dc 43. cues=1,3
sum=O0
do 44 subj=1,24i
sum = sum + array(mcde,disp,sunj,ques)
if(Subj .eq . 6 )csurr(moae disp, 1 ,ques)=surr
If(Subj .eq. 6;cxbar(mode,a~isp,1 ,ques)=sum/6.0I
if ( sutj .ea . 6;suir=0.0
if(Subi :eq. 1Z)csum(mode,aisp,2,ques)=sum
i±( subj .eq. 12 :)cxbar Urocde,disp,2,ques )=surr/6.0
if(subj .eq. 12.)sum=0.0
if( Subj :eq. 18)CSuMn1mode,disp,3,ques)=sun
irf subs .eq. 1E)cxbar(rroce,disp,3,ques )=surr/6.0
if(Subj .eq. 1b)sum=O.rO
if ( subj :eq. 24) cSum(noe, diSp,4Iques)=sum
Ir( subi .eq. 24)cxbar (rode~disp,e±,ques)=surr/6.0

44 rccn n ue
43 continue

42 continue
41 continu~e

'4t ode=1,4
do 4E disp=1,5
dc 47 cuesl,.1
rsquare~z.0
do 4E s, -1,6

±firs t=ar:'ay %mcde ,d isp, surj, ques)

* 1J 1



SEcornd=cxbr (rrode I ispl ques)
csquare=csquare + (first - seconaQ)P* .O

48 continue
cvar(moae,aisp,l,ques)=csquare/5.2
Csiuare=(/.0
dc 49 ui?1
f irst=array,.( roLE .:Iis p, Si; jques)
second= cx tar (rroae ,disp ;e ,ques )
csquare~csouare + ±irst - second)**Z.O

4j conltinue
cvartrrode,dais,2,ques)=csqu~are/5.Z
csquare=0.2
10 ! sutj=13,lb

rirsz=array( Froe ,ais:, Subs ,ques)
seccnd=cx tar i(mcde ,d Isp 34 ,ques )
csquare~csquare + (first - second)4*2.0

52continue
cIvar(,rcde,disp,3l,qtes,=csquare/5.2
csquarE~i .O
do 51 subJ=1Y,; A
± irs t=array (mode ,d Isp, su tji,ques)
secondi=cxo~r(mrocte,disp,4:,q'UES)
csquare~csquare +(first - second)*l2.z

ti continue
cvar(MOcde,diSp,4,ques)=csquare:/5.0

4? continue
46 continue
45 continue

Calculate the question means and variances.
dc t2 mcde=l,4
qo 53 lisp=1,5
do 54 ques=1,31

do 5E eroup=1,4:
sum = surr + csumr~oe,isT,group,ques)

!5 ccntinue
qsurn,(mode,adisp ques)=sum
qxbar(rroae~diSp ques'=sur,/k4.0
csquare=C .0
do 56 Subj=1,24
first=array(mroce,diisp,Subj,ques)
second=qxbar'lmcde,disp,ques)
csquare=csquare + (first - second)#*2.0

56continue
qv7arl\mode,disp,cues'icsquare/23.2

tA continue
534 continue

t- continue
c Calculate tte dis'play me~ans ana variances.

do 57 rroce=1,4
Ic tE displ,5-
sum 0.



dc t~ qtes=1,3
s um=surr +q surr rcd e d 1Sp qLe s

f continue
dxbar(roae,dIs; )=surr/'?.0
Cscq ua Ie=
-0 l su oJ=1 24

do 61 ques=1,.3
±first=array(mcde,disp,surj,quies)

c-ord=d~xoer(rrode,aisp)
csquare~cs(quare - (tirst - secona)*vk.Z

E1 continue
EO continue

avar(rroce,aisp,=csquare/71.0
tE cntinue
t7 continue

CaIcuiate the treatrrent rean & variance.
dc 6t ,rcae=l,4
sum = .
do e6 cispl1,5
dc 67 su u.1 1 ,24
do tE ques=1,Z
sur=sur + arr-aj(rcde,cQ1s, sb.J ,qtes)I

tE continue
continue

65- continue
nxta r (mode )=sum/560 .0
csquarE=Z.0
do 59 displ,5r
do 70 suoj1=1,24:
do0 71 ques=1,3
tirst=arraj(m.oce,aisp,subj,ques)
second=mxbar (rcde)
csquarecsquare + (first - sEcond)'92.0

71 continue
70 continue
E9 continue

mvar(mode)=csquare/3t9. 0
et continue

c Calculate the treatment/qUEStiO,- rreen &variance.
do 72 Mode=1,4
do 735 ques=1,3
sum = .
csquare =2.
do 74 disp=1,b
sum = sur + qsuIT(rodE,dalS,queS)

74 continue
txtar'mccte,quesj sum/12e.0
10 '? C disp=1,5
do 75'C subJ=1,24
± Irst=array'rc,.e,d ~sp I s ur.j J 4ue s
seconitor (-oeques)
csquare=.square -(rlrst -secod'*11.0



76 ccntinue
7t contin~ue

tvar(nrode,qLes)=csquare/119.Z
73 ccntirnue

72 rontintue
CLtjALt tie cata.

dc 63 displ1,5
ao e2 r"ode1,4:

write(6,125)

If i mcde .eq . 2 write(6, 3ydisp
IfrnoaE .e q. -_3)writekC,4 )1i Sp
If(-r od e -eq. 4 )write(t E )dlsp
wrizt,7
daC 64 SU01=1,24
write(6,e/suoj,(arra(roae,daisr,subj,ques ), ques=l,3)

if (subj -eq. 16)F0 to 112
irlsub. .eq. 1?-)gc to 120f
lf~subj .eq. E)gc tc 1-40

go to c4
13Zv write(6,.0)(cxoar(rcde,QisJ,l,ques) , ques=1,3)

write(6,21)(cvarkmTede,disp,l,ques1 , ques=1,3)
go to 64

12 2 wr Ite(6 ;-0) (cx car (trode,d is-, 2 ,ques) , ques=l 3)
wrlte(6e,U.1>cvar(rede,aisp,2,ques) , ques=1,i)
9o to 64

i.1@ write(5,)L(CXbar(rrote,dis;,3q,ques), ques=1,15)
write(6,ol) (cvar(mode,disp,5,ques) , ques=1,3)
go to 64

100e write(6,2e)(cxoar(rrode,aiis ,4,ques), ques=1,3)
write(e,21)>cvar(mnode,disp,4,ques), que5=l,3')

tA continue
write(e,k?.(qxar(ode,as-.,ques), qLes=i,3)
w.-ite(6,46)(qvar~rncde,disp,ques) , ques=1,3)
wri te( 6,k4) d~bar (node , alsp)
wrIte(e,;_5)davar(rrode,a~s-V)

62 continue
63 continue

do 77 dlsp=1,5

* write(6,'2)
write(6 ,,.3)disp
w ri te (;, 14)
do 7E rroaie=1,4

iI ( cde ea . 1 wIt e (C,
if ( rroe -eq . 2)writE(6,36)
Wzr.Ode .eq. 3 )w*r Ite(65337)
I f !rca e .ec. 4iwrite~63

104



write 'e,' ± ) qxoar(rroaE ,ais ,ques) , ques=1,35
write( 6,4IV(qvar (rroae a! sp qes) , ques=1,3)

L_ continue
(7 continuE

writE(E ,t~l 0)

dc 9V rcde=1,4
i±t(mode .eq. 1)writE(t,35)
i r( rrnode .eq. 2'wrize(6,36)
i:rmc d e .eq. 5,'write(6,3?)
i±f( r-,od e .eq. 4)write(e5,3b)

write( 1, 39 ) (txbar( rroae,ques) , ques=1,3)
wrizee.40)(tvar(rncde,ques;, ques=1,3)

1 continue

write(6, 128)

do 97 rTcde=l,4
if (mode .eq. 1)wri te (Ek)rrxar( rroe) rrver (rrocte)
iz,(rrode .eq. 2)write t6,29)'rr~Xbar( mode),rYvar(rrode)
i±Imrcae .eq. 3)wriLel,6,30)%Mxbar(rcde)rrmarlrnode)
if (mrode Eeq- 4 )write (6,31 )mxbar(rrode),rrvar(MOde)

97 continu~e
stop

1 f orra t 13(t.2)

125 f±c ra tIx , TAB E V ', /)

12? forrat(lx,'TABLE VII',/)
128 ±crmatkx,'TABLE VIII',/;
lE0 format(1x,'tMEAN AND VARIANCE BY GROUP, CUESTION,

DISPLAY, AND TREA
NT MEN T ' ,/)

z format(1z, IONOCHROMATIC N'TDS rISPLIY #',12)
3 ±orrat(lx,'COI.UR FIGURATIVE (BLUE/OBANGE) DISPLAY#',12)
4 fortrat(lx,'COLCR NTDS DISPLAY # ',12)
5 formaz(lx,'COLCR FIGURATIVE (GREEN/RED) DISPLAY 4',12)
7 fcrrnat(lx,'SUBJECT',t24,'TYPE',T3" 8,'ALLEGIANCE'-,t56,

'BOTH'!
8 orrrat(4x,12,t22,r7.2,t3E, ±7.2, t54,±f7.2)

20 fcrmatk/,lx,'GRCUP MEAN~ =',t22,±f7.2,t38,f7.2,t5',±7f.2)
kl forrrt(lx,GeaROUP VAiRIANCE='t22,f7.2t3bz,f7.2t54,f7.k,/)
2;- f orrrat ( lx,'QUEST I ON M-EAN ='t22, f7.2 t38, f.2 t54, f7.2 )
23 f cr me t(!x , 'Q U ES T10N V AP =,t Z2, f7.-2, t3E , f7 .2 ,tt4, f7. 2
Z4 ±or~rt(.xVDISPLAY 'FEAN =',t22,f7.2)
25 f~cr"at(lx,'DISPLAY VARIANC7E =' ,t22,f7.2)
26 forr"at\///,ix,'MEAN AND VARIANCE BY TRiEAT IENT',//)

Zb f o r~iat x, ,.C NCC{RCi'ATI C N IDS',t3af7.2, t5zl, f7.2)



Z,9 forma~tk//,lx,'COLOR FIG (BLIJF/ORANGE.)t't4&f7.Zt50Jf?.2)
3V forrat(//,x,'CCLOR NTDStz-,f7.2,tE,f7.L)
1 41 fcrrat.//,xjCCLCR FIG (G'ZNRD''4Ef.,5~?2

Sforrat(//,lx,t'rEAN ANZ VARIANCE BY CUES'IICN,
D! QPLA7, AND TREA

~Cformat(/,lx , DISPLAY #',i2)

3: fo rra'etz /,x , 'C 1 RCMA T IC N T D S
ZE torr,,at(//,lx,'COLCR FI(7U-RA'iI E (BLU;2/CRANGE)')

-7Tcrrdt(//,lx,'CCLGR NTDS"
~&forrr.et(//,lx,'CCLCR IGURATIVE (GREEN/RElV"

40 ±crrr t~ 1, x, 'VAR IAt.,CE =tl±.,4,E.,5,72/
t 0 forrr at(U//x,'M~EAN ANL URIANCE 'By

(QUFST.CN AND TREATrvEN V,//)
erd
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